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CENRD-EP-C (CECW-EP-W/8 May 91) (10-1-7a) 1st End
Mr. Galligan/sq/7306
SUBZCT: Longview Lake, Missouri, Embankment Criteria and
Performance Report

.457

D-, Missouri River Division, Corps of Engineers, P.O. Box 103,
Downtown Station, Onaha, Nebraska 68101-0103 MAY

FOR Commander, Kansas City District, ATTN: CENRK-ED-GD

1. For appropriate action.

2. Please note the requested 30-day suspense.

FOR THE COMMANDER:

JOSEPH J. GRASSO, P.E.
Acting Director, Engineering and

Planning Directorate
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* CEMRK-ED-GD (CECW-EP-W/8 May 91) 1110-2-1150a 2d End
No.. Lynch/sj/FTS 867-5352
SUBJECT:- Longview Lake Missouri,, Embankent Criteria and
Performance Report

DA, Kansas City District, Corps of Engineers, 700 Federal
Building, Kansxas City, Missouri 64106-2896 11 Jun. 19921 'JN .

1V T em Cmender, fimseuri fliver Bivieien, AmtTN en ~ e; JG

FOR Commander, Directorate of Civil Works, ATTN: CECW-EP-W

The following a. like-numbered respones to CECW-EP-W comments
provided in the memorandum dated 8 May 1991 referenced in the lst
End to Longview Lake, Missouri, Embanment Criteria and
Performance Report.

a. The impervious blanket was constructed on the upstream
right abutment to control seepage t the abutment. The majority
of the seepage was expected to occur through the highly jointed
Bethany Falls limestone which exists on both abutments. An
impervious blanket was required for the right abutment since the
upstream bedrock was exposed. A clay blanket was not necessary
f or the left abutment because the upstream bedrock is covered
with overburden which acts as a natural clay blanket. For a
complete description of the operation and performance of the
abutments see paragraphs 7-05, 9-Olc, and 9-Old.

b. Excavation details and foundation treatment for the
abutments are discussed in more detail in the Longview Lake
construction Foundation Report dated February 1986.

c. A banded riprap design was used on the upstreamiklope to
minimize the anmont of'-stone protection required. Flatter
grassed slopes (1 on 50) were also used between the upstream
riprap zones. The riprap extends from elevation 878 to 898
corresponding to the zone of most frequent pool level roughly the
10 year drawdown and 10 year flood and elevation 915 to 925. The
information used to determine the stone protection zones is
provided on plate 32.

d. Reference paragraph 8-04f. Construction details for the
upstream impervious blanket are provided on plate 30.
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CEMRK-ED-GD
SUBJECT: Longview Lake Missouri, Embankment Criteria and
Performance Report

e. The 10 abandoned open tube piezometers were cut off
slightly below the ground, filled with grout and capped.

FOR THE COMMANDER:

.. -- .R

UL 1

jef, ngineeriWDivision
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CECW-EP-W (CECW-EP-W/8 May 1991) 3rd End WALLkCE/tf/(202)272-8890
SUBJECT: Longview Lake Missouri Embankment Criteria and Performance
Report R 0 AUG 1991

HQ, U.S. Army Corps of Engineers, Washington, DC 20314-1000

FOR Commander, Missouri River Division, ATTN: CEMRD-EP-C

The responses provided in the preceding endorsement satisfactorily
response to the concerns set forth in the basic letter.

FOR THE DIRECTOR OF CIVIL WORKS:

/Acting Chief, g.neering Division
Directorate of Civil Works
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CEMR-Ep-c (CECW-RP-W/8 May 91) (11-2-240a) 4th End
* Kr. Galligan/sg/7306

susm=C: Longview Lake M4issouri Embankment Criteria and
Performance Report

* DA, Missouri River Division, corps of Engineers, P.O. Box 103,
Downtown Station,. Omaha, Nebraska 68101-0103 28 AUgust 1991

FOR Camwaner, Kansas City District, ATTN: CENRK-ED-GD

Forwarded for your information.

FOR THE COMMAWNDER:

RHARVE WIETHOP, P.E.
Chief, Cost & Gen. Engrg. Division
Engineering and Planning Directorate
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DEPARTMENT OF THE ARMY
U.S. Army Coqx of Engineers

WASHINGTON. D.C. 20314-1000

REPLY TO

ATTENTION OF:

CECW-EP-W

MEMORANDUM FOR Commander Missouri River Division, ATTN: CEMRD-EP-C

SUBJECT: Longview Lake, Missouri, Embankment Criteria and
Performance Report..

1. Reference memorandum CERK-ED-GD, 27 February 1991, subject as
above with CEMRD-EP-C, 21 March 1991, first endorsement thereon.

2. The following comments on the subject report are furnished for
action. Request response within 30 days as to the disposition of
these comments.

3. Geotechnical concerns.

a. Paragraph 4-01.b. Documentation should be provided to
confirm the need for the impervious blanket.

b. Paragraph 4-02.c. Design details respecting the abutment
treatment should be provided.

c. Paragraph 4-04, subparagraph 4. Clarify what slope details
were selected in order to minimize slope protection requirements.

d. Paragraph 5-02.c. Inrlude construction details such as
thickness, zones and filters for the upstream impervious blanket.

e. Paragraph 7.02.a. The abandonment procedures for the ten
open tube piezometers should be provided.

FOR THE DIRECTOR OF CIVIL WORKS:

A. ON

Acting C4/f, Engineering Division
Directorte of Civil Works
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I
ENCLOSURE

Encl No. Subject

1 Analysis of Stage I Embankment

2 Gas Sample Analysis
3 Water Sample Analysis

PHOTOGRAPHS

Photo No. Title

1. March 1990. Overview of completed embankment.

CONSTRUCTION EQUIPMENT

2. 1983. Two Caterpillar D-9s loading Cat 631 scrapers in upstream valley
borrow area.

3. 09 October 1981. Cat 5310 scraper.
4. 26 July 1983. Cat D-9H compacting haul road ramp with tandem sheepsfoot

roller.
5. 10 July 1983. Compacting impervious fill around sump in cutoff trench

with a "BARCO" gas powered compactor.

6. 06 July 1983. Spreader box mounted on a Cat D3 used for placing the
6-foot wide pervious drain.

7. June 1980. Raygo "Rascal" 410-.A 5 ton vibratory roller used to compactI pervious fill.
8. 07 June 1983. "Wacker" DVU4001 small vibratory plate compactor used to

compact pervious fill in restricted areas.
9. 07 MWy 1981. Small 4 wheel "Wacker" vibratory roller.

10. 11 June 1981. Backhoe mounted vibratory plate used to compact pervious
fill along the right side of the conduit.

11. 18 September 1981. Wheel rolling upstream cutoff trench contact with
left abutment Sni-A-Bar Limestone with Cat 920 front end loader.

12. 18 July 1983. Record control sample being taken.

STAGE I EMBANKMENT CONSTRUCTION

13. 05 March 1980. Looking west at slide on left side of outlet works
excavation. Slide occurred on 18 November 1979.

14. 29 May 1980. Curtain grouting in cutoff trench.
15. July 1980. Removal of unacceptably wet impervious fill material and

excavation for placement of pervious on the downstream side of the
cutoff trench.

16. July 1980. Impervious and pervious fill placed in cutoff trench against

right abutment.
17. 21 July 1980. Outlet works ogee section and 45 degree bend of twin

sewer conduits.

18. 14 August 1980. Stair stepped surface of heavily fractured Middle Creek
limestone of right abutment after excavation and cleaning.

19. 14 August 1980. Placement of dental concrete and slush grout to seal
the surface of Middle Creek limestone.

20. 21 October 1980. Overview of fill placement, conduit construction, and

left &butmsnt cutoff trench.
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PHOTOGRAPHS

Photo No. Title

21. 06 May 1981. Selective loading with rock rake of left abutment Sni-A-
Bar limestone to make rockfill.

22. 21 May 1981. Overview of conduit backfill, fill placement, and right
abutment from left abutment.

23. 21 July 1981. First lift of impervious fill being placed over pervious
on upstream side of bend in twin sewer conduits at approximate outlet

works station 54+00.
24. 18 September 1982. Left abutment and cutoff trench.
25. 21 October 1982. Downstream impervious stockpile.
26. 16 November 1982. Stage I embankment investigation. Lowering

inspection casing into 30 inch diameter observation hole (OH).

27. November 1982. Sample showing typical smooth surface texture, probably
caused by pumping action of loaded scraper.

28. November 1982. Sample showing typical raindrop-type texture, probably
mechanically induced from construction equipment.

29. November 1982. First wet area encountered in OH-1.
30. November 1982. One foot above area in previous photo; exposed boundary

layer with the upper material moist and seepage exiting from lower
material.

31. November 1982. Wet area encountered in OH-i.
32. 24 November 1982. End of Stage I construction. Aerial view of

construction.

33. 24 November 1982. End of Stage I construction. Aerial view of

construction.

STAGE II EMBANKMENT CONSTRUCTION

34. January 1983. Ignition of gas from PPE99-9.

35. 10 June 1983. Impervious blanket against upstream right abutment.
36. 17 June 1983. Completed outlet works and stilling basin.

37. 06 July 1983. Aerial view of embankment, cofferdam, and closure section

construction.
38. 06 July 1983. Aerial view of embankment and closure section

construction.
39. 09 July 1983. Cleanup of cutoff trench and impervious placement in

closure section.

40. 12 July 1983. Pervious placed at downstream edge of cutoff trench in

closure section.
41. 18 July 1983. View of closure section showing pervious placement at

downstream side of cutoff trench and in old river and diversion
channle 14.

42. 22 July 1983. Pervious blanket placed over old river channel in closure

section.
43. September 1983. Closure section embau|Kaent construction.
44. 13 September 1983. Downstream right abutment.
45. 13 September 1983. Upstream right abutment.
46. 26 October 1983. Fill placement in closure section.
47. 24 May 1984. Rockfill in clay blanket area on upstream right abutment.
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S PHOTOGRAPHS

Photo No. Title

48. May 1984. Aerial view of embankment after completion of closure section
fill placement.

49. May 1984. Aerial view of embankment, east borrow and west borrow.
50. May 1984. Aerial view of borrow areas from south of the west borrow

area.
51. 16 July 1984. Upstream and downstream random zone fill placement.
52. 18 September 1984. Upstream slope before final grading.
53. 26 November 1984. Downstream left abutment grouted gutter construction.
54. 25 March 1985. Front end loaders placing riprap on upstream face of

embankment.
55. 26 March 1985. Dressing of riprap adjacent to bridge abutment using

large backhoe.
56. 26 March 1985. Completed upstream slope protection.
57. 23 May 1985. Completed slope protection at crest of embankment.
58. September 1985. Completed upstream slope from tower bridge.
59. September 1985. Completed downstream right abutment.
60. 24 September 1985. Eight foot flat bottom toe ditch.
61. 24 September 1985. "Enka-mat" erosion control fabric lined ditch above

grouted gutter on downstream left abutment.
62. 05 March 1986. Downstream right abutment contact showing cleared sewer

line alignment at upper left.
63. 22 April 1986. Closed expansion joint and tilted rocker due to movement

j of tower bridge abutment.
64. April 1986. Crown crack and leakage along left wall at monolith joint

between tower and conduit.
65. 19 May 1986. Installation of finger drains into pervious blanket at

embankment toe.
66. 19 May 1986. Completed finger drain installation at embankment toe.
67. 10 July 1986. Completed french drain installed in upstream right

abutment clay blanket to intercept seepage from limestone.
68. 18 July 1986. Aerial view of completed embankment.
69. 19 September 1986. Upstream slope protection with pool at multipurpose

elevation 891.
70. 04 October 1986. Upstream slope with pool at elevation 897.
71. 07 April 1987. Left abutment slope protection with the pool at

multipurpose elevation 891.
72. 07 April 1987. Completed upstream right abutment clay blanket area.
73. 19 September 1986. Downstream left abutment contact and stilling basin.
74. 07 April 1987. Completed downstream slope.
75. March 1990. Completed emergency rock stockpile on downstream left

abutment.
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LONGVIEW EMBANKMENT CRITERIA REPORT

PLATE LIST

Plate No. Title File No.

I LOCATION AND VICINITY RBL-3-1401

2 GENERAL PLAN RBL-3-1402
3 PLAN OF EXPLORATION BORINGS AND

PROFILE LINES RBL-3-1403
4 DAM SITE AREA PLAN OF EXPLORATION RALL-3-1404
5 OUTLET WORKS PLAN OF EXPLORATION RBL-3-1405
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7 PROFILE ALONG DAM AXIS: LOGS OF
EXPLORATIONS RBL-3-1407

8 OUTLET WORKS, APPROACH, & OUTLET CHANNELS
LOGS AND PLAN OF EXPLORATIONS RBL-3-14G8

9 OUTLET WORKS, APPROACH, & OUTLET CHANNELS
GEOLOGIC SECTIONS AND DETACHED BORINGS RBL-3-1409

10 SPILLWAY PROFILE AND SECTIONS RBL-3-1410
11 GENERAL PLAN OF EXCAVATION RBL-3-1411
12 OUTLET WORKS, PLAN OF EXCAVATION RBL-3-1412
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PROFILE, AND SECTIONS RBL-3-1413
14 CURTAIN GROUTING PLAN AND PROFILE RIGHT

ABUTMENT RBL-3-1414

15 CURTAIN GROUTING PLAN AND PROFILE VALLEY
AND CONDUIT FOUNDATION RBL-3-1415

16 CURTAIN GROUTING PLAN AND PROFILE LEFT

ABUTMENT RBL-3-1416

17 EMBANKMENT AT COMPLETION OF STAGE I RBL-3-1417
18 LEFT ABUTMENT AND EMBANKMENT TOPOGRAPHY RBL-3-1418

19 DIVERSION AND CLOSURE: PLANS AND SECTIONS RBL-3-1419
20 EMBAMKMENT PLAN AND ALIGNMENT DATA RBL-3-1420
21 DAM AXIS PROFILE AND MISC SECTIONS AND

DETAILS RBL-3-1421
22 TYPICAL EMBANKMENT SECTIONS I OF 4 RBL-3-1422
23 TYPICAL EMBANKMENT SECTIONS 2 Oi 4 RBL-3-1423

24 TYPICAL EMBANKMENT SECTIONS 3 OF 4 RBL-3-1424

25 TYPICAL EMBANKMENT SECTIONS 4 OF 4 RBL-3-1425
26 TOP OF DAM AND SLOPE PROTECTION DETAILS RBL-3-1426
27 EMBANKMENT DRAINAGE SCHEDULE SECTIONS,

& DETAILS RBL-3-1427
28 STILLING RASIN: PLAN, PROFILE, SECTIONS

AND DETAILS RBL-3-1428
29 RIGHT ABUTMENT SECTION AND PLAN OF

EXCAVATION RBL-3-1429
30 RIGHT ABUTMENT UPSTREAM IMPERVIOUS

CLAY BLANKET PLAN AND SECTIONS RBL-3-1430
31 ELM AVENUE DIKE, ACCESS LANE AND

PIPE GATE DETAILS RBL-3-1431

32 SLOPE PROTECTION STUDY RBL-3-1432

33 SERVICE BRIDGE PLAN AND ELEVATION RBL-3-1433
34 SERVICE BRIDGE MISCELLANEOUS DETkILS RBL-3-1434

34A SERVICE BRIDGE ALTERATIONS RBL-3-1701
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35 OBSERVATION DEVICES PLAN AND
SCHEDULE 1 OF 2 RBL-3-1435
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37 INSTRUMENTATION CROSS SECTIONS I OF 5 RBL-3-1437
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42 INSTRUMENTATION INSTALLATION DETAILS I OF 2 RBL-3-1442
43 EMBANKMENT OBSERVATION DEVICES:

INSTALLATION DETAILS 2 OF 2 RBL-3-1443
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POOL ELEVATION 891.2 RBL-3-1444
45 PRECIPITATION AND LAKE FILLING RATE RBL-3-1445
46 LIQUID LIMIT ZONE CROSS SECTIONS RBL-3-1446
47 PLAN OF RECORD CONTROL SAMPLE LOCATIONS RBL-3-1447
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56 SHEAR TEST SUMMARIES LIQUID LIMIT 55

IMPERVIOUS ZONE STAGE II RBL-3-1456
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79 COMPACTION TEST SUMMARIES STAGE I RBL-3-1479
80 COMPACTION TEST SUMMARIES STAGE I RBL-3-1480
81 COMPACTION TEST SUMMAIRES STAGE I RBL-3-1481
82 COMPACTION TEST SUMMARIES STAGE I RRL-3-1482
83 COMPACTION TEST DATA SUMMARY STAGE II RBL-3-1483
84 COMPACTION TEST SUMMARIES STAGE It RBL-3-1484
85 COMPACTION TEST SUMMARIES STAGE II RBL-3-1485
86 DERIVATION OF STABILITY EQUATIONS RBL-3-1564
86A TEST DATA SUMMARY COMPACTED EMBANKMENT

MATERIAL Q-TESTS AND ATTERBERG LIMIT
TESTS RBL-3-1686

86B TEST DATA SUMMARY COMPACTED EMBANKMENT
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TESTS RBL-3-1687

86C TEST DATA SUMMARY COMPACTED EMBANKMENT
MATERIAL S-TESTS AND ATTERBERG LIMIT
TESTS RBL-3-1688

86D TEST DATA SUMMARY COMPACTED EMBANKMENT
COMPACTION CURVES GRADATIONS AND
ACTIVITY DATA RBL-3-I 689
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96 CREST SETTLEMENT MONUMENTS PLOTS RBL-3-1572
97 SETTLEMENT PLATE DATA PLOTS SPPF 91-1

AND SPPF 93-7 RBL-3-1573
98 ALIGNMENT MONUMENT HORIZONTAL PROFILE

ORIGINAL SURVEY BASE LINES
LINES "A" AND "B" SUMMARY RBL-3-1574

99 ALIGNMENT MONUMENTS HORIZONTAL AND VERTICAL

DATA PLOTS MONUMENTS A-4, A-5, AND A-6 RBL-3-1575
!(O ALIGNMENT MONUMENTS HORIZONTAL AND VERTICAL

DATA PLOTS MONUMENTS B-i,B-2, AND B-3 RBL-3-1576
101 PIEZOMETER PLOTS OPEN TUBE PZ PPF 84-1 RBL-3-1577
102 PIEZOHETER PLOTS OPEN TUBE PZ PPF 86-IA RBL-3-1578
103 PIEZOMETER PLOTS OPEN TUBE PZ PPF 87-3 RBL-3-1579
104 PIEZOMETER PLOTS OPEN TUBE PZ PPF 88-2 RBL-3-1580
105 PIEZOMETER PLOTS OPEN TUBE PZ PPF 88-3 RBL-3-1581
106 PIEZOHETER PLOTS OPEN TUBE PZ PZE 90-2 RBL-3-1582
107 PIEZOMETER PLOTS OPEN TUBE PZ PPE 92-1

I OF 2 RBL-3-1583
108 PIEZOMETER PLOTS OPEN TUBE PZ PPE 92-1

2 OF 2 RBL-3-1584
109 PIEZOMETER PLOT 2" OPEN TUBE PVC PPE 92-2

I OF 2 RBL-3-1585
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PLATE LIST CONT'D

Plate No. Title File No.

110 PIEZOMETER PLOT 2" OPEN TUBE PVC PPE 92-2
2 OF 2 RBL-3-1586

111 PIEZOMETER PLOTS PNEUMATIC P7 PPE 94-1
I OF 2 RBL-3-1587

112 PIEZOMETER PLOTS PNEUMATIC PZ PPE 94-1
2 OF 2 RBL-3-1588

113 PIEZOMETER PLOTS OPEN TUBE PZ PPF 99-3
2 OF 2 RBL-3-1589

* 114 PIEZOMETER PLOTS OPEN TUBE PZ PPF 99-4
I OF 2 RBL-3-1590

' 115 PIEZOMETER PLOTS OPEN TUBE PZ PPF 99-4
2 OF 2 RBL-3-1680

116 PIEZONETER PLOTS PNEUMATIC P PPE 99-8
1 OF 2 RBL-3-1681

117 PIEZOMETER PLOTS PNEUMATIC PZ PPE 99-8
2 OF 2 RBL-3-1682

118 PIEZOMETER PLOTS PNEUMATIC PZ PPE 99-11
1 OF 2 RBL-3-1683

119 PIEZOMETER PLOTS PNEUMATIC PZ PPE 99-11
2 OF 2 RBL-3-1684

120 PIEZOMETER PLOTS OPEN TUBE PZ W-6 RBL-3-1685
121 INCLINOMETER DISPLACEMENTS 1-99-1 RBL-3-1697
122 INCLINOMETER DATA PLOTS 1-99-1 AND

1-99-2 RBL-3-1698
123 INCLINOMETER DISPLACEMENTS 1-99-3 RBL-3-1699
124 INCLINOMETER DATA PLOTS 1-99-3 AND

1-97-1 RBL-3-1700

SUPPLEMENT A

Plate No. Title File No.

Al LL 55 IMPERVIOUS STAGE I RECORD CONTROL
I, R, AND GRADATION TESTS - 1 OF 16 RBL-3-1488

A2 LL 55 IMPERVIOUS STAGE I RECORD CONTROL
R, R, AND GRADATION TESTS - 2 OF 16 RRL-3-1489

A3 LL 55 IMPERVIOUS STAGE I RECORD CONTROL
I, R, AND GRADATION TESTS - 3 OF 16 RBL-3-1490

A4 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

A, R, AND GRADATION TESZ - 4 OF 16 RBL-3-1491
A5 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

9, R, AND GRADATION TESTS - 5 OF 16 RBL-3-1492
A6 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

ii R, AND GRADATION TESTS - 6 OF 16 RBL-3-1493
A7 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

R, R, AND GRADATION TESTS - 7 OF 16 RBL-3-1494
A8 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

R, R, AND GRADATION TESTS - 8 OF 16 RBL-3-1495
A9 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

F, R, AND GRADATION TESTS - 9 OF 16 RBL-3-1496

V-x



S SUPPLEMENT A

Plate No. Title File No.

A1O LL 55 IMPERVIOUS STAGE I RECORD CONTROL
1, R, AND GRADATION TESTS - 10 OF 16 RBL-3-1497

All LL 55 IMPERVIOUS STAGE I RECORD CONTROL
R, R, AND GRADATION TESTS - 11 OF 16 RBL-3-1498

A12 LL 55 IMPERVIOUS STAGE I RECORD CONTROL
W, R, AND GRADATION TESTS - 12 OF 16 RBL-3-1499

A13 LL 55 IMPERVIOUS STAGE I RECORD CONTROL
,, R, AND GRADATION TESTS - 13 OF 16 RBL-3-1500

A14 LL 55 IMPERVIOUS STAGE I RECORD CONTROL
, R, AND GRADATION TESTS - 14 OF 16 RBL-3-1501

AI5 LL 55 IMPERVIOUS STAGE I RECORD CONTROL
R, R, AND GRADATION TESTS - 15 OF 16 RBL-3-1502

A16 LL 55 IMPERVIOUS STAGE I RECORD CONTROL
1, R, AND GRADATION TESTS - 16 OF 16 RBL-3-1503

A17 LL 55 IMPERVIOUS STAGE II RECORD CONTROL
9, R, AND GRADATION TESTS - I OF 3 RBL-3-1504

A18 LL 55 IMPERVIOUS STAGE II RECORD CONTROL
K, R, AND GRADATION TESTS - 2 OF 3 RBL-3-1505

A19 LL 55 IMPERVIOUS STAGE II RECORD CONTROL
1, R, AND GRADATION TESTS - 3 OF 3 RBL-3-1506

A20 LL 60 RANDOM STAGE I RECORD CONTROL 9, R,
AND GRADATION TESTS RBL-3-1507

A21 LL 60 IMPERVIOUS STAGE II RECORD CONTROL
1, R, AND GRADATION TESTS - I OF 3 RBL-3-1508

A22 LL 60 IMPERVIOUS STAGE II RECORD CONTROL
K, R, AND GRADATION TESTS - 2 OF 3 RBL-3-1509

A23 LL 60 IMPERVIOUS STAGE II RECORD CONTROL
R, R, AND GRADATION TESTS - 3 OF 3 RBL-3-1510

A24 LL 60 RANDOM STAGE II RECORD CONTROL R,
1, AND GRADATION TESTS - 1 OF 4 RBL-3-1511

A25 LL 60 RANDOM STAGE II RECORD CONTROL R,
R, AND GRADATION TESTS - 2 OF 4 RBL-3-1512

A26 LL 60 RANDOM STAGE II RECORD CONTROL R,
I, AND GRADATION TESTS - 3 OF 4 RBL-3-1513

A27 LL 60 RANDOM STAGE II RECORD CONTROL R,
R, AND GRADATION TESTS - 4 OF 4 RBL-3-1514

A28 LL 65 IMPERVIOUS STAGE II RECORD CONTROL
1, R, AND GRADATION TESTS - I OF 5 RBL-3-1515

A29 LL 65 IMPERVIOUS STAGE II RECORD CONTROL
1, R, AND GRADATION TESTS - 2 OF 5 RBL-3-1516

A30 LL 65 IMPERVIOUS STAGE II RECORD CONTROL
A, R, AND GRADATION TESTS - 3 OF 5 RBL-3-1517

A31 LL 65 IMPERVIOUS STAGE II RECORD CONTROL
I, R, AND GRADATION TESTS - 4 OF 5 RBL-3-1518

A32 LL 65 IMPERVIOUS STAGE II RECORD CONTROL
I, R, AND GRADATION TESTS - 5 OF 5 RBL-3-1519

A33 LL 65 RANDOM STAGE II RECORD CONTROL l,
A34 R, AND GRADATION ZESTS - I OF 3 RBL-3-1520
A34 LL 65 RANDOM STAGE II RECORD CONTROL R,

R, AND GRADATION TESTS - 2 OF 3 RBL-3-1521
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SUPPLEMENT A CONT'D

Plate No. Title File No.

A35 LL 65 LX'.DOM STAGE II RECORD CONTROL 1,
R, AND GRADATION TESTS - 3 OF 3 RBL-3-1522

A36 LL 70 RANDOM STAGE It RECORD CONTROL [,
R, AND GRADATION TESTS - 1 OF 8 RBL-3-1523

A37 LL 70 RANDOM STAGE II RECORD CONTROL R,
R, AND GRADATION TESTS - 2 OF 8 RBL-3-1524

A38 LL 70 RANDOM STAGE II RECORD CONTROL R,
R, AND GRADATION TESTS - 3 OF 8 RBL-3-1525

39 LL 70 RANDOM STAGE II RECORD CONTROL I,
R, AND GRADATION TESTS - 4 OF 8 RBL-3-1526

A40 LL 70 RANDOM STAGE II RECORD CONTROL 1,
R, AND GRADATION TESTS - 5 OF 8 RBL-3-1527

A41 LL 70 RANDOM STAGE II RECORD CONTROL R,
R, AND GRADATION TESTS - 6 OF 8 RBL-3-1528

A42 LL 70 RANDOM STAGE II RECORD CONTROL ,

R, AND GRADATION TESTS - 7 OF 8 RBL-3-1529
A43 LL 70 RANDOM STAGE II RECORD CONTROL R,

R, AND GRADATION TESTS - 8 OF 8 RBL-3-1530
A44 BERM ZONE STAGE II RECORD CONTROL R, R,

AND GRADATION TESTS - I OF 4 RBL-3-1531
A45 BERN ZONE STAGE II RECORD CONTROL , R,

AND GRADATION TESTS - 2 OF 4 RBL-3-1532
A46 BERM ZONE STAGE II RECORD CONTROL R, R,

AND GRADATION TESTS - 3 OF 4 RBL-3-1533
A47 BERM ZONE STAGE II RECORD CONTROL R, R,

AND GRADATION TESTS - 4 OF 4 RBL-3-1534
A48 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

Q & S TESTS - I OF 8 RBL-3-1535
A49 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

Q & S TESTS - 2 OF 8 RBL-3-1536
A50 LL 55 IMPERVIOUS STACE I RECORD CONTROL

Q & S TESTS - 3 OF 8 RBL-3-1537
£51 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

Q & S TESTS - 4 OF 8 RBL-3-1538
A52 LL 55 IMPERVIOUS STAGE I RECORD CONTkOL

Q & S TESTS - 5 OF 8 RBL-3-1539
A53 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

Q & S TESTS - 6 OF 8 RBL-3-1540
A54 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

Q & S TESTS - 7 OF 8 RBL-3-1541
A55 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

Q & S TESTS - 8 OF 8 RBL-3-1542
A56 LL 55 IMPERVIOUS STAGE II RECORD CONTROL

Q & S TESTS RBL-3-1543
A57 LL 60 RANDOM STAGE I RECORD CONTROL

Q & S TESTS RBL-3-1544
A58 LL 60 IMPERVIOUS STAGE II RECORD CONTROL

Q & S TESTS RBL-3-1545
A59 LL 60 RANDOM STAGE II RECOPD CONTROL

Q & S TESTS RBL-3-1546
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S SUPPLEMENT A CONT'D

Plate No. Title File No.

A60 LL 65 IMPERVIOUS STAGE II RECORD CONTROL

Q & S TESTS - I OF 2 RBL-3-1547
A61 LL 65 IMPERVIOUS STAGE IT RECORD CONTROL

Q & S TESTS - 2 OF 2 RBL-3-1548
A62 LL 65 RANDOM STAGE II RECORD CONTROL

Q & S TESTS - I OF 2 RBL-3-1549
A63 LL 65 RANDOM STAGE II RECORD CONTROL

Q & S TESTS - 2 OF 2 RBL-3-1550
A64 LL 70 RANDOM STAGE II RECORD CONTROL

Q & S TESTS - I OF 2 RBL-3-1551
A65 LL 70 RANDOM STAGE II RECORD CONTROL

Q & S TESTS - 2 OF 2 RBL-3-1552
A66 BERM ZONE STAGE II RECORD CONTROL

Q & S TESTS RBL--3-1553
A67 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

COMPACTION TESTS - 1 OF 2 RBL-3-1554
A68 LL 55 IMPERVIOUS STAGE I RECORD CONTROL

COMPACTION TESTS - 2 OF 2 RBL-3-1555
A69 LL 55 IMPERVIOUS STAGE II RECORD CONTROL

COMPACTION TESTS RBL-3-1556
A70 LL 60 RANDOM STAGE I RECORD CONTROL

COMPACTION TESTS RBL-3-1557
A71 LL 60 IMPERVIOUS STAGE I RECORD CONTROL

COMPACTION TESTS RBL-3-1558
A72 LL 60 RANDOM STAGE II RECORD CONTROL

COMPACTION TESTS RBL-3-1559
A73 LL 65 IMPERVIOUS STAGE II RECORD CONTROL

COMPACTION TESTS RBL-3-1560
A74 LL 65 RANDOM STAGE II RECORD CONTROL

COMPACTION TESTS RBL-3-1561
A75 LL 70 RANDOM STAGE II RECORD CONTROL

COMPACTION TESTS RBL-3-1562
A76 BERM ZONE STAGE II RECORD CONTROL

COMPACTION TESTS RBL-3-1563
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PE TINENT DATA

GENERAL

Location of Dam One mile south of 1-470 and 1/2 mile east of
Raytown Road. In SW 1/4 NW 1/4, Sec. 4,
T. 47 N., R. 32 W., Jackson County, Missouri,
at approximately 109th Street, Kansas City,
Missouri, and at mile 42.9 on the Little Blue
River.

Purposes Flood control, recreation, water quality
fish and wildlife.

Authorization Flood Control Act of 1968 (Public Law

90-483, 13 August 1968)

Operating Agency Corps of Engineers, Project Manager offsite

Drainage Area Above 50.3 square miles
Longview Dam

Approximate Length of Lake At multipurpose level (El. 891.0 ft.,
m.s.l.): from'the dam, about 3.5 miles in a
southeasterly direction.

Approximate Length of 24 miles in length at multipurpose level
Shoreline (elevation 891.0 ft. m.s.l.)

Time of Water Travel at 13 hours to the Lake City gauge.
Bank-full Rates 21 hours to the Missouri River.

Muximum Flood of Record 42,300 c.f.s., 13 August 1982
Near Damaite

Channel Capacity 1,000 c.f.s.

Top of Dam Elevation 926.6 feet, m.s.l.

Length 1,900 feet

Type of Construction Rolled earthfill

Fill Quantity 1,028,OCO cubic yards impervious
915,000 cubic yards randon

Freeboard 3.71 feet

Maximeu Height Above Valley 100 feet
Floor

Top Width 74 feet

Maximum Base Width 900 feet
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PERTINENT DATA (CON.)

Date of Closure 16 June 1983

Date Storage Began 16 September 1985

Date Multipurpose Pool 23 September 1986
Initially Filled

SPILLWAY

Type Uncontrolled limited service

Location Left abutment

Crest Elevation 911.3 feet, m.s.l.

Width 200 feet

Discharge Capacity Top, surcharge pool El. 922.9 feet
NGVD 22,970 c.f.s.

OUTLET WORKS

Location Left abutment

Type Uncontrolled hooded drop inlet

Conduit 5.5 foot by 5 foot arch

Length 916 feet

Invert Elevation at Intake 816.0 feet, m.s.l.

Invert Elevation at Outlet 812.0 feet, m.s.l.

Discharge Capacity at 1,040 c.f.s.
Elevation 922.9
(Top Surcharge Pool)

Discharge Capacity at 990 c.f.s.
Elevation 909.0
(Top of Flood Control Pool)

Emergency Drawdown Gate 1-6.0 foot by 7.0 foot hydraulically
operated slide gate

Low Flow Intake 2-2.0 foot Dia knife gate valve

Low Flow Outlet 2-2.0 foot Dia knife gate valve

The outlet works also contain dual 54-inch sewers with two 54- by

54-inch sewer gates and two 54- by 54-inch crossover gates.
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(. PERTINENT LAKE ELEVATION

Storage Capacity* Area
Storage Elevations (acre-feet) (acres)
Designation (feet m.s.I.) Initial 100-year Top of Pool

From To

Surcharge 909.0 922.9 35,400 3,200

Flood Control 891.0 909.0 24,800 24,300 1,960

Multipurpose 816.0 891.0 22,100 20,600 930

Gross Storage 816.0 909.0 46,900 44,900

Sedimentation
Reserve 2,000

Annual Sediment
Inflow 20

*100-year sediment allocation initially allocated 1/4 (500 acre-feet) to
flood contrcl zone and 3/4 '1,500 acre-feet) to the multipurpose zone.
Sediment allocation computed by 40 acre-feet per square mile per 100-year.

Fee Taking Line Elevation 914.0 feet, m.s.l.
* Fee Lands Acquired 4,762 acres

Easement Lands Acquired 63 acres
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OPERATION AND MAINTENANCE MANUAL

LONGVIEW LAKE

LITTLE BLUE RIVER BASIN

LITTLE BLUE RIVER, MISSOURI

APPENDIX V

CHAPTER 1

INTRODUCTION

1-01. Purpose and Scope of ReMprt. The purpose of this report is to
provide in one volume the significant information needed by engineers to
familiarize themselves with Longview Lake, reevaluate the embankment in the
event unsatisfactory performance occurs, and provide guidance for designing
comparable earth dams. The scope of this report provides a summary record of
significant design data, design assumptions, specification requirements,
construction equipment, construction procedures, construction experience,
field control and record control test data, and embankment performance
monitored by instrumentation during construction and during initial lake
filling.

1-02. Project Purpose. Longview Lake is a multipurpose project realizing
A benefits from flood control, water quality control, recreation, and fish and

wildlife.

1-03. Project Authorization. Longview Lake was authorized by the Flood
Control Act of 1968 as a part of the "project for flood control and other

purposes on the Little Blue River in the vicinity of Kansas City, Missouri,
was authorized substantially in accordance with the recommendations of the
Chief of Engineers in House Document No. 169, Ninetieth Congress First
i.ession."
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4CHAPTER 2

PROJECT DESCRIPTION

2-01. Project Location. The Longview damsite is located on he Little
Blue River at approximately 109th Street, Kansas City, Missouri. The entire
lake is located in Jackson County, Missouri. Location and vicinity map are
shown on Plate 1.

2-02. Dam Description. The dam is a zoned, compacted earthfill
embankment with a crest length of approximately 1,900 feet and approximately
110 feet in height. The crest width is 74 feet to accommodate the 109th
Street which is a 4-lane divided highway. A central impervious core with an
impervious cutoff trench to bedrock was used for the total length of the dam.
The embankment includes an inclined pervious drain as well as a pervious
blanket across the valley and up the abutments. Compacted random zones and
berm zones are used to support the impervious zones and add stability to the
embankment. The theoretical top of dam is 926.6 which provides for 3.9 feet
of freeboard above the maximum surcharge pool. However, the dam was
constructed to elevation 925.7 with the remainder of the freeboard being
provided by the New Jersey type concrete median barrier. The upstream slope
is designed to have graded riprap in the zone of frequent fluctuation
(elevations 878-898) and at the top 10 feet of the dam (elevations 915-925).
Slope protection consists of 18-inch riprap on 9-inch of bedding. Between
elevations 898 and 915 a grassed slope protects the embankment. The general
embankment plan and sections are shown on Plates 2 and 22 through 25,
respectively. A clay blanket was constructed on the right upstream abutment
between elevations 848 and 898. A small dike was constructed west of Raytown
Road near Elm Avenue to fill in a saddle in the left abutment. This dike is
only about 3 to 4 feet high with a crest width of 10 feet.

2-03. Spillway. The spillway is an uncontrolled limited service spillway
200 feet wide with 1V on 6H side slopes cut in the left abutment overburden.
The invert elevation is 911.3 which is 2.3 feet above the full pool elevation.

2-04. Outlet Works. The outlet works consist of an intake tower with a
covered uncontrolled service drop-inlet, an arch-shaped conduit through the
embankment, a parabolic drop into a stilling basin with an end sill and an
outlet channel to the Little Blue River. The conduit crosses the dam
centerline at station 98+70 and is skewed 3 degrees towards the downstream
right abutment from the perpendicular to the dam axis. The concrete arch-
shaped conduit is 4.83 root wide and 5.5 foot high. Two 54-inch diameter
sewer pipes encased in concrete are located below the conduit. The tower
becomes submerged at elevations above 900 and a bridge at that elevation
provides access to the tower from Service Road A.

2-05. Construction History. Since Longview Dam was located in a very
urbanized area, there were many utility relocations which had to be completed
prior to construction of the dam. The most extensive relocation was the
existing 48-inch diameter sewer within the reservoir area which also crossed
the dam centerline. It had to remain in service throughout the construction
of the dam. It was unknown during the design phase exactly when the Little
Blue Sewer District would complete their portion of the new sewer line within
the reservoir area. Because of the uncertainty and the need to ensure closure
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was not made until the sewer construction was complete within the reservoir
area, construction of the dam was divided into two stages. The Stage I
construction began in September 1979 and was completed October 1982. It
consisted of foundation excavation for the cutoff trench and the outlet works
including the outlet channel; foundation grouting; construction of the intake
tower, conduit-sewer structure, and stilling basin; existing sewer relocation,
diversion, and removal; placement of portions of the embankment on both sides
of the river; and a 200,000 cubic yards impervious stockpile to be used for
the Stage II contract. (See Plate 17 for Stage I construction.) The Stage II
construction began in August 1982 and was completed September 1985. This
contract included diversion of the river and embankment closure, completing
the embankment, excavation the spillway, and construction of access and
service roads. A 6-month construction halt was also included in the Stage II
contract when the embankment reached elevation 890.

2-06. Lake Filling. After closure was made but before the embankment was
topped out a lake formed several times due to excess runoff in the drainage
basin. The highest lake level recorded during construction was elevation 865
on 10 June 1984 with the embankment at approximately elevation 885. This lake
level was reached in less than 24 hours with the gates fully open. The
embankment was topped out in September 1984 and the gates were closed to begin
impoundment on 16 September 1985. The Initial Reservoir Filling Plan DH
No. 20 was used as a guide during filling. The desired filling rate was
5 feet per month after the pool reached elevation 850. In October 1985 and
November 1985 the pool rose faster than was acceptable and the emergency
drawdown gate was opened to draw the lake down to the desired filling curve.
On 23 September 1986 the lake reached multipurpose pool. The projected and
actual filling curves are shown on Plate 45.
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CHAPTER 3

GEOLOGY

3-01. Regional GeoloU and Physiography. Longview Lake is located in the
extreme northern part of the Osage Plains Section of the Central Lowlands
Physiographic Province. The Osage Plains Section is characterized by old
scarp plains beveling faintly inclined strata. The Dissected Till Province
which borders immediately to the north of the project is characterized by
submaturely to maturely dissected till plains. A maturely dissected drainage
pattern developed during pestilences time trends north into Missouri River.
The project is located on the southern boundary of the Kansan Age Glacial
Stage. Scattered loess deposits up to 7 feet thick are present on the uplands
in the area. These deposits thicken to up to 90 feet along the Missouri River
bluffs.

3-02. Site Geology. Gently rolling uplands surround Longview Lake. The
Little Blue River flows generally north in a meandering, incised channel cut
through alternating limestone and shale strata. At the damsite the valley is
1,800 feet wide from bluff top to bluff top and topographic relief is about
120 feet. The Bethany Falls limestone member of the Kansas City Group,
Missourian Series, Pennsylvanian System is a prominent scarp forming ledge in
the reservoir area. Its thickness is about 18 feet and it dips gently from
elevation 885 on the right abutment to elevation 876 on the left abutment.
Bedrock on the lower valley walls and valley floor is made up of less
resistant shale and siltatone of the Pleasanton Group.

3-03. Description of Overburden. Overburden on the uplands in the
general area consists of up to 30 feet of residual clay and scattered deposits
of wind blown loess up to 20 feet thick. No loess deposits were encountered
at the damsite. Overburden on the valley side slopes consists of residual
clays and colluvium with clayey gravel at the base of the slopes. Alluvium in
the valley ranges from 12 to 29 feet with the greatest thickness occurring in
the terrace on the left side of the valley. The alluvium consists of
predominately lean clay with lesser amounts of fat clay and silty, sandy
gravel, in the basal 7 feet, resting on shale and siltstone bedrock.
Generally the clays have medium to stiff consistencies although some soft
clays were encountered ini a few borings.

3-04. Bedrock. Bedrock at the damsite consists of alternating beds of
limestone and shale of the Kansas City Group overlying a more massive section
of less resistant clayey and silty shale, siltstone and sandstone beds of the
Pleasanton Group. These rocks are classified as lower Pennsylvania Series.
Underlying the Pennsylvanian rocks are about 2,200 feet of older sedimentary
strata. Only the lower one-half of the Kansas City Group and the upper one-
third of the Pleasanton group are exposed at the damsite. See the General
Geologic Column and Legend on Plate 6. The regional dip of the bedrock ranges
from 10 to 20 feet per mile west, northwest, but local variations in dip and
strike occur. At the damite bedrock dips 1 foot in 300 feet to the east into
the right abutment and 1 foot in 65 feet to the west into the left abutment.

Jointing of beds may be very intense locally, due to dome-related
flexures. Primary joints are generally rertical and strike north 50 degrees

east spaced 5 to 35 feet apart. Secondary joints are generally, vertical,
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tight, strike North 75 degrees West and spaced about 2 feet apart. A series
of faults are known to exist in the road cut along a one mile reach of Highway
1-470, located about 3/4 mile north of the dausite. However, faulting could
not be traced into the soil profile and no evidence of faulting was found in
the cutoff trench or foundation excavations during construction.

Depth and degree of weathering vary considerably with rock type and
thickness of soil cover. The limestones are softened and stained to depths of
a few inches to 5 feet below their surface. The Bethany Falls crops out
prominently along the valley wcll and partially filled joints, up to 5 feet in
width, are apparent at the outcrop. By 50 feet into the abutment the effects
of weathering of the Bethany Falls appears to have been moderated by the
presence of overlying shale. Large blocks of Bethany Falls measuring up to
15 feet or so in their greatest dimension became detached at the joints due to
the weathering and erosion processes with some blocks moving down slope.
Neither the Winterset nor the Sniabar limestone formed prominent outcrops in
the abutments and were commonly mantled by a 1 foot to 8 foot depth of
overburden. Weathering effects extended as much as 12 feet beneath the
bedrock surface of the interbedded limestones and shale. A more detailed
description of the bedrock and bedrock units can be found in the Construction
Foundation Report.

3-05. Subsurface Investigations Prior to Construction. Geological
investigation of the damusite included field reconnaissance, review of geologic
literature, analysis of air photos, survey of water wells, review of gas and
oil well logs and exploratory drilling. A total of 339 borings and 11 test
pits were completed by government drill crews prior to Stage I construction.
Overburden exploration included 2-inch, 4-inch, and 6-inch diameter drive
hol3s; 3-inch and 5-inch Shelby tube samples, auger samples, and samples
obtained from test pits. The bedrock investigation included NQ, NX, 4-inch
and 6-inch cores. Eleven NX, angled, core holes were drilled on the left
abutment and five were drilled on the right abutment. Thirty-three bedrock
borings were hydraulically pressure tested. Natural gas was encountered in
hole DC-1O and C-145A between elevations 762 and 768. Gas pressure measured
11 psi with the packer set at elevation 801. A 5-minute pressure test with
35 psi yielded a "take" of 0.2 gallons per minute. The gas in both holes was
found to be at low pressures and limited in volume as it quickly dissipated
during drilling. A .5-foot cavity was logged in siltstone 13 feet below the
top of the bedrock surface in hole UC-9. Two additional holes were drilled in
the vicinity of the void; however, neither the cavity nor the evidence as to
the geologic cause could be found.
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CHAPTER 4

FOUNDATION AND EMBANKMENT

4-01. General. The main embankment consists of a compacted earthfill
approximately 1,900 feet long with an outlet works and an uncontrolled limited
service spillway (200 feet base width) located in the left abutment. The
maximum height of the embankment above the valley floor is 10 feet.
Theoretical top of dam is 926.6, but the embankment was only constructed to
elevation 925.7 and the remaining freeboard is achieved by the New Jersey type
median barrier. The dam was constructed with a centrally located impervious
core to prevent seepage through the embankment. The impervious core is
supported on either side with random and berm zones. The various embankment
zones were designed to utilize the available borrow material. An inclined
pervious drain was constructed on the downstream side of the impervious core
and is connected to a horizontal blanket which extends along the base of the
embankment and exits at the downstream toe. Any seepage which may occur
through the impervious core is intercepted by the inclined drain and carried
out the embankment through the horizontal blanket. The foundation overburden
was relatively shallow with a layer of clayey or silty sandy gravel located
directly above the bedrock. In order to cutoff any water flowing through the
basal gravels an impervious cutoff trench was constructed into rock for the
full length of the dam. Various foundation bedrock formations were highly
jointed and fractured. A grout curtain was installed below the cutoff trench
for the full length of the dam in order to control the seepage through the
bedrock. A plan view is shown on Plate 2.

a. Valley Section. (Station 90+00 to 974.00) The embankment across
the main valley varies from 100 to 120 feet in height with an average height
of 110 feet above the valley floor. Zoning consists of centrally located
impervious core supported by random and berm zones. Typical valley section is
shown on Plate 23. The foundation overburden consisted of between 12 and 29
feet of alluvium which was predominantly lean clay with lesser amounts of fat
clay. A clayey or silty sandy gravel was common in the basal portion (I to 7
feet) of the alluvium. The underlying bedrock surface was Pleasanton Zone E
(argillaceous siltstone).

b. Riht Abutment. (Station 86+25 to 90+00) The right abutment
embankment section is similar to the valley section except that the downstream
slope is flattened to IV on 6H, there is no downstream berm zone, and an
impervious clay blanket was placed upstream on the far right portion of the
abutment. Typical right abutment sections are shown on Plates 22 and 23. The
natural slope of the upper portion of the abutment between approximate
stations 86+00 and 87+50 was about IV on 8H. From approximate station 87+50
to the toe of the abutment at station 90+00 the slope was irregular and
considerably steeper, averaging IV on 2.8H. The foundation overburden on the
slopes consisted of residual clays and colluvium, while at the base of the
abutment clayey gravel underlaid alluvial clay. Thickness of the overburden
ranged from zero at the Bethany Falls outcrop to a maximum of about 15 feet at
the base of the valley wall. The foundation bedrock consists of 12
stratigraphic units of interbedded limestone and shales (Plate 7).

c. Conduit Section. (Station 98+00 to 100+00) The conduit section is
located basically at the toe of the left abutment (Plate 24). The centerline
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of the conduit crosses the dam axis at station 98+70 and is skewed 3 degrees
towards the downstream right abutment from perpendicular to the dam axis. The
conduit section is constructed of impervious material with no random or berm
zones. Since an all impervious zone with higher strength clays was used, the
embankment slopes were steepened allowing for a shorter sewer-conduit

structure# The overburden thickness on the right side of the conduit varied
from 16 to 27 feet and consisted of alluvium similar to that in the valley
section. At the toe of the left abutment from approximate station 99+00 to
100+00, the overburden was colluvium and clay alluvium consisting of clay, and
fragments of shale and limestone ranging in size from gravel and cobbles to
slabs and large blocks. The overburden rested on Pleasanton Zone C
(argillaceous limestone) from the upstream end of the appioach channel to near

the dam axis. Except for a short horizontal extension of the Pleasanton Zone
D (calcareous siltstone) the top of bedrock from the dam centerline to the
downstream end of the outlet channel was Pleasanton Zone E (argillaceous
siltstone). The outlet works profile is shown on Plate 8.

d. Left Abutment. (Station 100+00 to 107+00) This section is similar to
the valley section except there is no upstream or downstream berm zone and the
downstream slope is flattened to IV on 61. A typical left abutment section is
shown on Plate 24. The natural slopes of the left abutment were generally not
as steep as those of the right abutment. Between approximate stations 100+00
and 100+65, the average slope was IV on 4H and it flattened to IV on 6.5H
between stations 100+70 and 103+00. The natural slope became progressively
flatter between station 103+00 and the end of the embankment. From
approximate station 100+00 to station 100+65 overburden ranged in thickness
from 6 to 22 feet and consisted essentially of colluvium similar to that in
the conduit section and residual clays. From the top of the Bethany Falls
outcrop at approximate station 100+70 to the end of the embankment at station
107+00, the overburden consisted of residual soils of essentially lean and fat
clays. Thickness of overburden ranged from 2 to 16 feet with the greater
depths underlying the flatter upland slope. The foundation bedrock consists
of the same 12 stratigraphic units of interbedded shales and limestones found
on the right abutment (Plate 7).

4-02. Foundation Treatment.

a. Valley section. All of the embankment foundatton was stripped of
boulders, sod, roots, tree stumps, etc. and the overburden disked to a minimum
depth of 8 inches and compacted with a minimum of three passes of a rubber
tired roller. The 48-inch diameter reinforced concrete sewer pipe and pipe
bedding, which crossed the dam axis at station 97+95, was removed under the
entire embankment. Cleanup of the sewer excavation was accomplished and the
backfill consisted of impervious under the impervious zone and random
elsewhere.

b. Outlet Works Foundation. All overburden below the outlet works was
excavated and backhoes and airspades were used to excavate the rock. A rock
saw was used at the tower to excavate the vertical sides of the tower
foundation. The final foundation in the outlet works except for the intake
tower and stilling basin was excavated with a "roto mill" which consisted of a
large track-mounted cutting roller. Air water jets were used to clean the
final bedrock surface prior to placing a 6-inch layer of lean concrete. Lean
concrete was also used downstream of the centerline of the dam in order to
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Cmeet the required grade for the outlet works. The lean concrete was as much

as 4-feet thick at the lower end of the outlet works and stilling basin.

c. Abutment Foundations. The subcrop faces of several limestone

ledges were trimmed back to either a IV on Il or IV on .5H slope not only at

the centerline but for a distance of as much as 400 upstream and 235

downstream. In some areas concrete bulkheads were placed against the bedrock

faces to seal open bedding planes and vertical joints to achieve the desired

slope to place fill (Photo 35). In other areas the open joints on top of the

horizontal benches were gravity grouted (Photo 19). A total of 279.75 sacks

of cement were used to dry pack joints or as poured grout at 35 separate

locations. A total of 342.1 cubic yards of lean concrete was placed behind

forms to seal joints and maintain the required slopes.

d. Cutoff Trench. In order to control seepage through the foundation

overburden and to facilitate foundation grouting, the cutoff trench was

excavated to bedrock from station 86+00 on the right abutment to station

104+00 on the left abutment. Side slopes in the overburden are IV on 2H and

in the bedrock are excavated to IV on 111. The floor of the cutoff trench is

30 feet which allows 24 feet of impervious and a 6 foot pervious drain

backfill. Prior to curtain grouting, the cutoff trench was excavated to grade

with the exception of the exposed shales which were left 2 feet high in order

to protect the final shale surface from weathering or drying out. Grouting

was performed from the floor of tit cutoff trench through 2-3/4 inch steel

pipes cemented 2 feet into the bedrock. Once the curtain grouting was

complete the steel grout pipes were removed. The upper 2 feet of grout holes

in the limestone were gravity grouted while the upper 2 feet of shale was

removed to bring the shale surface to final grade. The final bedrock surface

was cleaned with air-water jets. The cutoff trench backfill was performed in

the dry utilizing small gasoline pumps in sumps. The main sources of seepage

were small areas encountered within the basal clayey gravels. Details of the

dewatering efforts are included in Chapter 8.

4-03. Embankment Materials. The embankment zoning was designed to

economically use the available material from required excavation and upstream

borrow, to provide seepage control, and to provide slope stability. Because

of the distribution of materials in the borrow area and the need to maximize

the strength of fill placed in the conduit section and in the lower portions

of the embankment considerable effort was expended in defining quantities of

various liquid limit materials in the borrow. For the most part the easily

available lower liquid limit m. erials were in the low lying areas and were

used in the Stage I embankment or were stockpiled to avoid inundation after

closure. The remainder of the borrow had CL and CH materials interlayed and

had to be differentiated to insure optimum use of higher strength material.
See also Chapter 8.

a. Impervious. The specifications for Stage I and II required the

impervious material consist of soil classified as CL and CH with the material

placed upstream of the dam axis having no more than 5 percent gravel. For

Stage I, the maximum liquid limit specified for all impervious material was

55. The maximum liquid limit specified for the Stage II impervious material

varied from 55 to 65 depending on the embankment feature and elevation.

Generally, the lower liquid limit material was placed in the lower portions of

the embankment. The Stage II impervious zone liquid limits are shown on the

table below:
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STAGE It IMPERVIOUS ZONE LIQUID LIMITS

Area Maximum Liquid Limit

Below elevation 867, including cutoff trench 55
Between stations 97+00 and 101+00 - Below
elevation 887 55

Cutoff Trench above elevation 867 60
Inspection Trench 60
Between stations 97+00 and 101+00 - Above
elevation 887 60

Impervious Clay Blanket 65
Above elevation 867, excluding cutoff trench,
inspection trench, and between stations 97+00
and 101+00 65

Typical cross sections showing the impervious zone liquid limits are on
Plate 46. The allowable moisture content at the time of placement ranged from
2 percent below optimum to 3 percent above optimum. It was required that the
impervious material be compacted to at least 95 percent maximum density
obtained by the standard Proctor compaction test. Most of the impervious
material was placed in 8-inch lifts and compacted with 6 passes of a
sheepsfoot roller except the material directly over the foundation rock. (See
Chapter 8 for procedure used.) A total of 1,028,528 cubic yards of impervious
were placed in the dam with 509,866 cubic yards being placed in Stage I and
518,662 being placed in Stage II.

be Random. The random material consisted of overburden material
except that soil classified as OH, PT, MR, and OL. The random material came
from the required excavations and upstream borrow. Some of the random zone
consisted of gravelly material not suitable for the impervious zone. Maximum
liquid limit in the Stage I contract was 60, but varied between 60 and 70 in
the Stage 11 contract. Lower maximum liquid limits were required in the lower
portions of the embankment. The Stage I liquid limits are listed below:

RANDOM ZONE LIQUID LIMITS

Area Maximum Liquid Limits

Below elevation 867 upstream of dam axis 60
Below elevation 867 downstream of dam axis 65
Above elevation 867 70
Spillway Dike and Elm Avenue Dike *

• No liquid limit requirement but shall be a CL or CH material.

Plate 46 shows the various liquid limit zones on typical cross sections.
Moisture requirements for random were the same as for impervious and
compaction was either six passes with a sheepsfoot roller on 8-inch lifts or
three passes with a rubber-tired roller on 12-inch lifts. A total of 914,813
cubic yards of random material was placed in the dam with 215,552 cubic yards
being placed in the Stage I contract and 699,261 cubic yards being placed in
the Stage II contract.
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fc. Berm. The upstream and downstream berm consisted primarily of fat
clay (CR), however, according to the specifications could have been shale and
other materials from the required excavatioas and borrow areas unsuitable for
or in excess of the requirements for impervious, random, or rockfill. Fat
clay (CR) was used in the upper 5 feet of berm normal to the upstream slope
and for the closure Phase I and It cofferdams. The only moisture content
requirements for Stage I was to the extent required for unassisted movement of
compaction equipment. For Stage 11 the requirements were the same as Stage I
on the wet side of optimum but on the dry side of optimum were limited to no
more than 4 percent below optimum. On Stage I, the berm was compacted using
two passes of a rubber-tired roller with 24-inch lifts or two passes of a

sheepsfoot roller with an 8-inch lift. For the Stage II contract compaction
was performed with either four passes of a sheepsfoot roller on an 8-inch lift
or two passes of a rubber-tired roller on a 12-inch lift. A total of 965,971
cubic yards of berm were placed with 344,467 cubic yards being placed in Stage
I and 621,504 cubic yards being placed in the Stage 11 contract.

d. Pervious. The pervious material was clean free-draining, durable,
natural sand obtained from a comercial Missouri River sand plant having the
following gradation:

Sieve Size Percent by eight Passing

No. 4 90-100
No. 16 55-85
No. 50 5-20
No. 200 0-5

The majority of the sand had less than .5 percent passing the 200 sieve.
Stage I required the pervious material be compacted using 3 passes of a
vibratory roller on 12-inch lifts. For hand compacted (special backfill) a
plate vibratory roller on 4-inch lifts to obtain 80 percent relative density
was required. During construction this was reduced to 70 percent (see

paragraph 8.02 d.(2)). The compaction procedures for Stage II were the same
as Stage I and based on the previous experience the required relative density
was reduced to 70 percent for a plate vibratory compactor with 6-inch lifts.
Moisture content of the sand was controlled such that the sand was saturated
during compaction. A total of 104,584 cubic yards of pervious was placed with
30,387 cubic yards being placed in the Stage I contract and 74,197 cubic yards
being placed in the Stage II contract, The outlet of the pervious zone is
protected with a 12-inch thick layer of bedding which was placed using a
track-mounted backhoe. The bedding has the following gradation:

12-lTrh Bedding

Dimension Percent by

Sieve Size Weight Passing

6-inch maximum allowable
3-inch 70-90
1-1/2-inch 55-75
1/2-inch 35-55
#4 15-35

11O 0-20
#20 0-5
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a. Rockfill. The better quality limestone excavated from the
*abutments was used as rockfill (photo 21) to add stability and protection to

the upstream clay blanket. The specification required the rockfill be
reasonably well graded with a maximum size stone of 300 pounds and no more
than 10 percent passing the 2-inch sieve. Shale and other soft friable
particles were limited to 10 percent. The rockfill was placed in 36-inch
lifts with no moisture control or compaction requirements except when the
rockfill was placed within 2 feet of bedrock, berm or impervious clay blanket,
at which time it was to be wheel-rolled with approved equipment.

f. Secial Backfill. Special backfill is placed in the bedrock
irregularities or other confined areas adjacent to structures where rollers
could not operate effectively. The 2-foot thick zone of material against the
bedrock surfaces was also considered as special backfill. This included the
impervious and pervious zones for Stage I and the impervious and random zones
for Stage I. The specifications required the special backfill be placed in
3-inch lifts. The iapervious and random material was compacted with a power
tamper to 95 percent of standard Proctor density, and the pervious was
compacted with a plate vibrator to 80 percent relative density which was later
reduced to 70 percent. The moisture requirements for Stage I were the same as
the ccrresponding zone of material and for Stage II were between optimum and
3 percent above optimum. The rate of placement was controlled so that the
relatively thin hand-compacted zones were covered with equipment-compacted
material as soon as possible to prevent drying, excess wetting, or freezing
and thawing.

g. Channel Fill. Material from required excavation and stockpiles
which were not suitable for the embankment were used as channel fill. Rock
excavation including shale was also allowed as channel fill as long the rock
was covered with at least 2 feet of soil material. This material was placed
in the old river channel downstream of the embankment with no moisture control
except that required to allow traffic compaction of the 24-inch maximum lifts.

4-04. Stone Protection. The upstream stone protection consists of
18-inch riprap overlaying 9-inch bedding located between elevations 878 to 898
and 915 to 925. The bedding and riprap gradations are as follows:

9-Inch Bedding

Dimension Percent by
Sieve Size Weight Passing

5-inch maximum allowable
3-inch 75-95
1-inch 40-60
1/2-inch 20-40
#4 0-20
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18-Inch Riprap

Weight in Pounds Percent of Total Weight
Per Stone Lighter Than

400 100
200 60-90
100 30-50
25 0-15

All of the riprap and bedding was placed during the Stage I contract
using either a track-mounted backhoe or a track-mounted front-end loader.
(This equipment was not allowed on the placed stone.) (See Photos 54 and 55.)
The upstream riprap is Bethany Falls limestone which was obtained from the
Orrick Stone Co. Quarry in Clay County, Missouri. The upper 4.5 feet of
material in the quarry was not used because of the poor quality rock.

The upstream riprap was designed in accordance with "Criteria for Riprap
Wave Protection in Missouri River Division" dated June 1974 and ETL 1110-2-221
(29 Nov 76). The riprap design and the basis for the riprap limits are shown
on Plate 32. The riprap was sized based on the design wave height (RD) which
is equal to the significant wave height (HS) multiplied by 1.4. Significant
wave height (HS) for the lower slope protection was 2.2 feet generated from 59
m.p.h. wind with a 20 minute duration. The critical combination for the upper
area of stone protection is 56 m.p.h. wind for 30 minutes causing a
significant wave height (HS) of 2.9 feet. The theoretical riprap necessary
for the upper riprap zone is 21-inch, however, 18-inch was used instead since
there is a very remote possibility the design condition will ever occur.

Based on economics, the embankment slope was designed to minimize the
amount of required slope protection. The upstream riprap was placed between
elevations 878 and 898 and elevations 915 and 925. These stone protection
zones were determined from the Pool Elevation-Duration Curve, Lake Stage
Frequency Curve and the chart showing the number of day per hundred years the
pool is within the wave-height of a given elevation. In addition the upper
slope has riprap to reduce wave run-up and protect the upper embankment during
a full flood pool event.

The stilling basin riprap was also 18-inch and was placed similarly to the
upstream slope. The stilling basin riprap is Winterset limestone from the
lower 8.5 feet of the Courtney Road Quarry in Jackson County, Missouri. The
riprap was designed based on methods described in ETL 1110-2-8 and ETL 1110-2-
221. The design parameters used were an average flow velocity of 5.6 ft./sec.
over the end sill, a design wave height of 2.8 feet, a safety factor of 1.5,
and a specific gravity of 2.6. The riprap was designed based on wave height
requirements, since the waves would cause more damage than the velocities.

4-05. Settlement. Settlement analyses were performed on the foundation
overburden based on consolidation test results of select samples. These
studies indicated a maximum total settlement of 2.2 feet in the valley
foundation overburden and 1.9 feet in the terrace overburden. It was
anticipated the majority of this settlement would occur during construction
with only minor amounts occurring after construction. A 0.6 foot overbuild
was constructed to compensate for post-construction settlement. During Stage
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, I construction, three settleme.nt plates were installed in the valley section
* to measure settlement during and after construction. Two of the settlement

plates are installed in the foundation overburden and one is installed in the
embankment just above the pervious blanket in the random zone. As of April
190, the maximum settlement in the two foundation plates is .71 foot with
.66 foot occurring during construction and the settlement in the lower
embankment plate is .8 foot with .54 foot occurring during construction. Also
seven crest settlements monuments were installed to monitor settlement after
construction. The crest settlement monuments indicate uniform settlement
across the valley no more than .35 foot.
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CHAPTER 5

SEEPAGE CONTROL

5-01. __ro~h Seepage. Seepage through the embankment is controlled by a
combination of embankment zoning and an inclined pervious drain. The
impervious core prevents excessive seepage through the embankment. The random
zones also assist in preventing through seepage since it was constructed
primarily of impervious material. Any seepage which does occur is intercepted
by the inclined pervious drain located on the downstream edge of the
impervious core. The inclined pervious drain is connected to the horizontal
sand blanket and together they will draw the phreatic surface down well within
the embankment.

5-02. Underseepage. Seepage beneath the embankment is controlled by a

cutoff trench, grout curtain and the extension of the sand blanket up the
abutment. The impervious cutoff trench extends thr---h the overburden and
weathered rock down to firm bedrock. The grout curt".a was constructed from
the bottom of the cutoff trench and extends the full length of the dam.

a. Cutoff Trench. The cutoff trench was constructed to control
seepage through the foundation overburden and weathered rock. It extends the

full length of the embankment from station 86+00 on the right abutment to
104+00 on the left abutment. The trench is 30 feet wide along the bottom with

excavated side slopes of 1V on 2H in the overburden and IV on 1H in the
bedrock. The cutoff trench was backfilled with impervious material to prevent

seepage under the embankment. However, a 6 foot wide pervious drain which is
connected to the horizontal sand blanket was placed on the downstream side of

the trench to intercept any seepage which may occur.

b. Grout Curtain. The grout curtain was constructed to prevent

underseepage through the bedrock. It consists of three lines of grout holes

in the abutments and a single line of grout holes in the valley. Grouting was

performed from the floor of the cutoff trench through 2 3/4-inch diameter
steel pipe cemented about 2 feet into bedrock. The grout holes were drilled

the total depth using rotary drilling methods. After drilling, the grout
holes were washed through the drill rods, pressure tested, and grouted through

a packer which was set at successively shallower depths. The grout pressure
was not allowed to exceed the estimated vertical stress at the packer depth.
All the grout holes were inclined 30 degrees from vertical and drilled

parallel to the dam centerline into the abutments. The grouting plan and

profile are shown on Plates 14, 15 and 16. Some variations to this plan were
made during construction. A more detailed description of the actual grouting

plan and operations are provided in the Construction Foundation Report. Line

A is 10 feet downstream of the dam axis and actually extends from station
86+25 to 89+65 on the right abutment and between station 100+05 and 103+85 on

the left abutment. Line B is located 10 feet upstream of the dam axis and was
constructed from station 86+20 to 89+65 on the right abutment and 100+05 to
103+85 on the left abutment. Line C is along the dam axis and extends from

station 84+00 to 112+00.

c. Abutment Seepage. In addition to the cutoff trench the grout

curtain, and the sand blanket which extend up the abutments, the embankment

slopes at the abutments were flared and a clay blanket was constructed on the
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right abutment to control underseepae at the abutments. Excess zock from
required excavation was used in an outer rockfill zone to protect the clay
blanket. The majority of the abutment seepage was expected to occur through
the Bethany Falls limestone rather than the relatively tight lower bedrock
units. Therefore, additional readily available rockfill was placed along the
abutment up to elevation 848. The clay blanket was then placed on top of the
rockfill and carried up to elevation 898.
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CHAPTER 6

SLOPE STABILITY

6-01. General. This chapter discusses slope stability investigations.
It presents the design analysis and consists of slope stability which was
performed in conjunction with establishing embankment slopes and Internal
zoning. The results of the design analysis were originally presentod in
Design Memorandum No. 5, Soil Data and Embankment Design dated June 1978. A
stability analysis of the left embankment which was performed after Stage I
construction when high construction induced pore water pressures were measured
in the embankment is discussed in Chapter 8 and Enclosure 1. A stability
analysis was also conducted after Stage II construction for the conduit
section when movements were detected in a lower zone of the embankment.

6-02. Design Strength Testing. Laboratory tests to determine strength
parameters for design were performed on samples of materials from the required
excavations, proposed borrow areas, and from the foundation. The testing
consisted of laboratory tests on undisturbed samples of foundation material
and on remolded samples from required excavation and potential borrow
material. The tests generally followed procedures outlined in EM 1110-2-1906
eititled "Laboratory Soils Testing", 30 November 1970. Compaction of remolded
or disturbed strength test specimens of cohesive soils was in accordance with
EM 1110-2-1902, "Engineering and Design Stability of Earth and Rockfill Dams",
1 April 1970. Test loads generally covered the range anticipated in the
embankment or foundation.

a. Triaxial Compression Tests. Triaxial "Q" and "R" tests were
performed on representative undisturbed and compacted samples under confining
chamber pressures ranging from 0.5 to 6.0 tsf. Pore pressures were measured
in some of the "R" tests for the purpose of determining the effective strength
of the soil. The general procedure involved strain controlled tests on two or
three specimens trimmed from a single sample horizon. Composite specimens
were compacted in eight layers by kneading to the range of densities and
moisture contents expected during construction. Specimen dimensions were 1.4
inch by 3.0 inch height. No attempt was made to saturate the "Q" test
specimens. "R" tests were saturated with back pressure ranging from 1.9 to
6.0 tsf. The strain rates were 0.5 percent per minute for the "Q" tests and
0.12 percent per minute for the "R" tests. in "R" tests, consolidation under
the assigned chamber pressure was continued until a plot of volume change
versus log time indicated that primary consolidation was complete. Peripheral
filter paper strips were used to accelerate drainage. The deviator stress at
15 percent strain was assumed to be the maximum if it had not peaked
beforehand.

b. Direct Shear Tests. Direct shear tests were performed on
representative undisturbed and compacted soil specimens and on undisturbed
shale specimens. Composites were compacted by kneading to the assigned
density and moisture content, generally 95 percent of standard effort maximum
dry density at a moisture content 3 percent greater than optimum. Normally,
two specimens were sheared under a normal load of 4, 5, or 6 tsf. Before
shear, the specimens were allowed to consolidate under the applied normal load
until primary consolidation was complete. Specimens were sheared at a
constant rate of 0.0003 inches per minute. Normally, this rate of deformation
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met the 50t50 criterion. Residual shear tests on intact and pre-cut samples
were performed with a direct shear machine capable of shearing the specimen,
then reversing the direction of shear 180 degrees and shearing the specimen
again without releasing the normal load in the process. In order to obtain
the strength at large strain, this procedure was repeated until no reduction
in shear strength occurred from additional shearing.

6-03. Selection of Design Strengths. In selecting design values,
considerations were given to 1) stress-strain compatibility, 2) the
relationship of maximum shear strength to ultimate shear strength, 3) the
number of tests, 4) the nature of the material, and 5) the location of the
material with respect to potential failure surfaces. Design shear strengths
were selected with two-thirds of the test values exceeding the design values.

a. Foundation Overburden. Test results of the terrace and valley
reaches showed that one design strength was appropriate for the entire valley
section. The following shear strengths were selected.

TYPE OF STRENGTH c (TSF) Tan 0

Q 0.60 0.00
R 0.20 0.20
S 0.00 0.50

b. Foundation Shales. Only "S" strengths were used for shales in the
design. Unconfined compression tests indicate that the "Q" strength is
substantially greater than the overburden and therefore is not a factor in the
stability analysis. Past experience in the Kansas City District indicates
that because these shales are highly overconsolidated, "R" strength is
generally greater than "S" strength over the range of normal stresses
encountered. The design "S" strength for the shales in the abutments ard
valley is c - 0, tan 0 - 0.60. A residual "'" strength of c 0 0, tan 0 0.30
was also used.

c. Compacted Embankment Material. In the original DM analysis higher
strength lean and fat clays aith liquid limit less than 55 from the low-lying
borrow were to be used in the impervious zone and in the conduit section
between stations 97+00 and 101+00. The higher liquid limit fat clays (with LL
generally less than 70) from the upper borrow areas were expected to be uqed
in both the impervious and the random zones for the remainder of the
embankment. Thus the same strengths were assigned to the impervious and
random zones for these reaches. (As a result of comments from Ih!gher
authority, this was changed during the plans and specifications so that the
lower liquid limit materials were used in the impervious zone to the extent
possible and liquid limit restrictions were also applied to the random zone.
The objective was to use the lowest available liquid limit materials in the
lower part of the embankmen, to optimize strength and stability of the
embankment. For a distribution of material requirements developed during the
plans and specification phase of the design see Chapter 4.) The design
strengths used in the DM stability analysis are shown in the following table.
The pervious zone had a higher strength than the random or impervious but
because of the limited extent of this zone the higher strength was ignored in
the stability analysis.
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RANDOM AND IMPERVIOUS

TYPE OF STRENGTH c (TSF) Tan 0

Q 0.90 0.00
R 0.20 0.20
S* 0.00 0.50
S** 0.00 0.36

* Liquid limit less than 55, conduit section.

** Higher liquid limit material from higher elevation
borrow areas.

BERM ZONE

TYPE OF STRENGTH c (TSF) Tan 0

Q 0.45 0.00
R 0.10 0.20
S 0.00 0.30

6-04. Design Stability Analysis. The embankment was analyzed for
stability at three locations in an effort to cover the various conditions
existing in the dam. Those locations are the valley section, conduit section,
and the cofferdam.

a. Method of Analysis. A force equilibrium wedge method was used to
analyze the slope stability of the Longview embankment. A computer program
titled "Stability Analysis - Wedge Method" (File No. 741-F5-ciO20), commonly
known as KC Wedge, was used to perform the stability analysis. This program
satisfies force equilibrium only using an analytical technique discussed on
Plate 86. It searches for the shear surface with the minimum factor of
safety. The results were checked by searching from more than one starting
point to make sure that the program did not miss potential failure areas. rhe
slope of the effective "E" force was assumed to be one-half the averdge outer
embankment slope. The computer program is compatible with Appendix VI of EM
1110-2-1902, except for: (1) the slope of the "E" force is assumed to be
constant throughout the active wedge, and (2) the angle of the shear surface
was assumed to be the same for each material in the active wedge. The
critical shear surfaces were checked manually. In all cases, the manual
checks confirmed the computer factors of safety. Typical analyses for the end
of construction, partial pool, rapid drawdown from maximum surcharge and full
pool, and steady seepage cases are discussed below and are shown on Plates 87
and 88.

b. Construction Case. The design analyses assumed that neither the
embankment nor the foundation consolidates during construction. Submerged
weights were used below and moist weights above the line of saturation, which
was assumed near the ground surface. Upstream and downstream slopes were
analyzed using "Q" (unconsolidated-undrained) shear strengths and were
designed for a minimum factor of safety of 1.3. In order to meet the required
1.3 factor of safety in the valley section a construction halt at elevation
915 was needed to allow consolidation of the foundation clay. This was later
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changed to elevation 890 and embankment fill placement rate restrictions were
established (see Chapter 8).

c. Partial Pool Case. The upstream slopes were analyzed for pool
elevations ranging from near the valley floor to near full pool to determine
the critical pool level. The intermediate shear envelope (S, (R+S)/2) was
used. The saturation line was assumed to be horizontal at the pool elevation
being considered. Submerged weights were used below and moist weights above
the saturation line. The slopes were designed for a minimum factor of safety
of 1.5 for a slide in the impervious and random zone. In the valley section a
partial pool slide in the berm had a 1.22 factor of safety with the pool at
elevation 855. The upstream berm slope was not flattened because of the
improbability of the pool being at this elevation long enough for full
saturation of the embankment to occur.

d. Steady Seepage Case. The downstream slopes were analyzed for a
spillway crest pool, steady seepage case. Vertical equipotential lines were
assumed. The shear envelopes and design factors of safety were the same as
for the partial pool case. The slopes were also analyzed using residual
strengths for the foundation shales, with a minimum factor of safety of 1.0
being required.

e. Sudden Drawdown Case. The upstream slopes were analyzed for a
sudden drawdown condition, both from the spillway crest and from maximum
surcharge. In both studies, it was assumed that the lake was drawn down to
multipurpose pool. The combined "S" and "R" strength shear envelope was used.
The analyses assumed that the embankment was saturated as shown and that the
pool was instantaneously lowered with no dissipation of pore pressure
occurring during drawdown. Slopes were designed for a minimum factor of
safety of 1.2 for a drawdown from the spillway crest and a minimum factor of
safety of 1.0 for a drawdown from the maximum pool.

f. Earthquake Case. The slooes of the embankment were subjected to a
pseudo-static earthquake analysis during design. Longview Dam is locited near
the border between seismic zones I and 2. ER 1110-2-1806 requires the
evaluation of potential liquefaction for all existing projects in zone 2 where
embankment or foundation materials are present that are suspect of boing
susceptible to liquefaction or excessive deformation. Since the clay soils
encountered are not vulnerable to liquefaction, a psuedo-static analysis waq
conducted.

q. Results. The results of the stability analyses perf,)rme,i for the
design memorandum on the valley section, conduit section, and the cofferdam
are shown on Plates 89 through 91.

6-05. Stage 11 Stability Analysis. Because of high construction induced
pore pressures in the conduit embankment and a zone which developed
deformation during Stage IT construction, additional stability studies were
made for the end of construction conditions. Analysis was performed on the
upstream slope of the conduit section where both inclinometer data and
observed bridge movements showed movement was occurring. The zone of movement
roughly corresponded with the area of highest pore pressure. While pore
pressures were experienced at the closure section and the rLght embankment, no
significant movement was detected at other locations and the pore pressures
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were some what less and tended to be confined to the cutoff trench backfill
(See Plate 44). Although there was some indication that placement water
contents were !arther above optimum than indicated by the field test data (see

Chapter 8), it is telieved the left embankment experienced unusually high pore

pressure response because of its differential foundation conditions and its

relatively small size as constructed in Stage 1. The pore pressure was
concentrated in that portion of the embankment which was placed on relatively
rigid rock foundations or conduit. The left embankment foundation has a

considerable portion placed on rock or concrete: the conduit excavation, the
old sewer trench excavation and the cutoff trench. It appears that the

backfill, being some what stiffer than adjacent overburden, probably carries
load from surrounding fill areas which would increast stresses and thus pore

pressure. Both total and effective stress analyses were performed. The
effective stress analysis used both a pore water pressure coefficient,
Sishop's r , and pore pressure contours developed from measured induced

construction pore pressures. Inclinometers showed a zone of movement
occurring at approximately elevation 827 at range approximately 1+80 upstream

and analyses were performed with the shear surface through this zone.

a. 4ethod of Analil. The computer program SSTAB2 (Spencer's method)
was used for the Stage ii analysis. It satisfies all requirements of static

equilibrium by varying the safety factor and side force inclination

simultaneously. This program was written by Stephen Wright, University of

Texas, Austin.

b. Revised Soil Parameters. The shear strength for the soil was
determined from field compaction results, record control testing, and from

testing on undisturbed samples taken both during the installation of
instrumentation and from the side walls of two large diameter auger holes

Installed at the end )f Stag.e I construction. The unit weight used was 125

pcf. The "S" strength for the effective stress analyses was determined from
record (ontrol dirct -4hear and tliaxial "R" tests with pore pressure
meaqurements. An envelope ot c - 0. 1 tsl and tan 0 = 0.5 was selected. "S"
strengths were believed appropriate because of the movement experienced and
that shear stress induced pore pressures were bet. g measured. For the "otal
Htress analysis it was assumed a soft zone existed in the zone of movement.
No attempt was made to specifically sample and test this zone since the

embankment had been !nvestigati-d previously during Stage I and no defined soft
Zolle wa4 toulld. Some stlengt i r est results showed strengths lower than the
design value but a continuotis laver was n) identified. A reduced strength of

O.S tsf was atoumed t.-r c mparison purposes.

c. Re sulalts. Initial itabilitv analysis was made using a simplifying

assumption for the pore pressure of r = .bS. This analysis showed F - 1.10

which was verified with a hand 4iolutlon. it was believed that the pore
pressure was not this high especially in the outer and upper 25 feet of the

embankment. An analysis was conducted using pressure contours developed from
the piezometer readingq. 4 circ.ular search showed a minimum F - 1.63 with the

surface pasAing through a portion of the zone of movement. A wedge ;haped
shar surface through the zone showed F - 1.87. A total stress analysis with

a the shear surface pasiing through the zone ot movement shows F - 1.24 using
the conservative strength assumption (c -.'I tif) in the zone of movement.
Results of these analyses are shown on Plate 92.
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CHAPTER 7

INSTRUMENTATION

7-01. General. The initial installation plan for observation devices
included instrumentation to monitor pore pressure in the embankment and the
foundation clays and shales, the effectiveness of the cutoff trench and grout

curtain, the foundation and embankment settlement, and the horizontal and
vertical movement of the embankment. The piezometers were to be installed in

three lines at stations 93+00 (valley section), 97+00 (closure section), and
98+70 (conduit section). Based on previously experienced high construction

pore pressures in the foundations at other dams in the Kansas City District,

the majority of the instrumentation devices were open tube and gas operated

piezometers installed in the foundation overburden and shales. Piezometers

were also installed in the foundation overburden upstream and downstream of

the cutoff trench to check its effectiveness and in the embankment to monitor

construction pore pressure. Alignment monuments u.ce installed to detect

slope movement as the embankment was being topped out while crest settlement

monuments were installed soon after the embankment was topped out to Iwonitor

vertical movement. The initial instrumentation plan included 14 open tube

piezometers, 12 gas operated pore pressure cells, 7 crest settlement

monuments, 3 foundation settlement plates, and 21 alignment monuments total in

one upstream and one downstream line. However, because of high construction

induced pore pressures in the left embankment which developed during Stage I

construction, additional observation devices were installed to monitor
movements and pore water pressures particularly in the embankment. The

monitoring program was expanded and further complicated by the development of

gas in the open tube devices and concerns for the reliability of the devices.

A discussion is included in Chapter 8 and Enclosure 1. It should be noted

that all devices are thought to be influenced by gas and that the magnitude of

the measuring error has no been determined although considerable effort has

been directed to that end. At the time of this report, the instrumentation

includes: 52 open tube piezometers of various design, 22 gas operated

pressure cells, one vibrating wire piezometer, 23 alignment monuments total in

3 lines, 3 foundation settlement plates, 7 crest settlement monuments, and

4 inclinometers. The locations of these devices are shown in plan view and

cross section on Plates 35 through 41.

7-02. Plezometers.

a. Open Tube Plezometers. A total of 62 open tube piezometers have

been installed in the embankment, foundation, and abutments of Longview Dam

since construction began. Ten of these instruments were abandoned; 8 because

they were to be submerged upon reservoir filling, one because it was on the

embankment centerline and could not be read after embankment completion, and

one because it was broken 29-feet below the top of the riser and could not be

repaired. There are a total of 52 open tube piezometers remaining on the

project of three basic types. There are forty-one 3/4-inch PVC piezometers

with slotted tips, four 3/4-inch PVC piezometers with 1/16-inch perforations,
and seven 2-inch PVC piezometers with slotted tips. The open tube piezometer
installation details are shown on Plate 42.

The 3/4-inch piezometers with slotted tips consist of 6.5-foot long

sections of 3/4-inch inside diameter, schedule 80, PVC pipe. On early
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installations, the sections of pipe were connected with stainless steel
*threaded couplings whereas the later installations utilized flush joint PVC

pipe. All of the 3/4-inch piezometers terninate in sensing tips consisting
either of a 1.5-inch diameter by 18-inch long, #20 (0.020-inch) slotted PVC
pipe or a 2-inch diameter by 24-inch long, #I0 (0.010-inch) slotted PVC pipe.
Sand surrounds each tip and fills the borehole so as to be in contact with the
zone or zones to be monitored, Where a single zone was to be monitored, a
4-foot seal of bentonite balls was placed above the sand with a 5 percent
bentonite-cement grout filling the remainder of the hole. Piezometers
installed to monitor several strata are all located on the right abutment and
have a one-foot seal of bentonite balls above the sand with the remainder of
the hole (3-foot minimum) filled with a 1 to I sand and granular bentonite
backfill.

The 3/4-inch piezometers with 1/16-inch perforations are similar to those
described above with the exception that, on 6-foot centers, 1-foot long
sections of the schedule 80 PVC riser pipe were patterned with 1/16-inch
holes. This pattern of perforations and the sand backfill around the ricer
was continued to within approximately 14 feet of the ground surface where a
1-foot thick bentonite ball seal was placed. The remainder of the hole was
then filled with a I to I granular bentonite and sand backfill. All of the
3/4-inch piezometers with perforated risers are located on the abutments.

The 2-inch diameter piezometers with slotted tips are also similar to the
3/4-inch piezometers with slotted tips with the exception that, regardless of
slot size, all of the tips are 2 inches in diameter. All of the 2-inch
piezometers except PPE92-2 are located in the foundation overburden downstream
of the right abutment and carry the prefix "W-". PPE92-2, the only 2-inch
open tube piezometer in the embankment is made of glued joint PVC pipe.

Where 3/4-inch piezometers were brought up through the embankment, 5-foot
lengths of 2-inch I.D. PVC protective pipe surround the 3/4-inch pipe above
the original installation borehole (Plate 43). The fill was compacted
directly against the protective pipe. The 5 foot sections are joined using
double bell slip couplings with rubber sealing rings to accommodate movement
and settlement.

Several open tube piezometers produce large quantities of gas which makes
evaluation of data difficult due to widely and rapidly fluctuating water
levels. The presence of gas in open tube niezometers was identified early in
construction and an investigation to identify the type of gas was undertaken.
The collection and identification processes are documented in Enclosure 1.
The piezometers that have experienced problems with g-s are PPE92-1, PPE95-1,
PPE97-13, PPE97-14, PPE99-10, and PPE99-13, all of which are located either in
the upstream or downstream random or impervious zones. A 2-inch diameter open
tube piezometer (PPE92-2 data plcts shown on Plates 109 and 110) was installed
adjacent to a 3/4-inch open tube piezometer (PPE92-1 data plots shown on
Plates 107 and 108) which had been giving inconsistent data due to gas. Both
devices were installed with the tips at the same elevation. The 3/4-inch
device had a water level at the top of the riser and would periodically
overflow and would erupt after a pressure gauge was removed. The 2-inch
piezometer stabilized at a level about 20-feet below the ground surface and
showed a steady decrease in water level as would be expected. In attempts to
prevent the 3/4-inch devices from overflowing and to stabilize the fluctuating

V-7-2



I

water levels, pressure gauges and air release valves were installed on the
risers. Although 3/4-inch risers should de-air themselves, the air release
valves have not proven entirely effective and in several cases the pressures
indicated by the piezometers increase substantially when a gauge and air
release valve are added due to gas partially displacing water in the riser
(Plates 107 and 108). The existence of gas in the piezometers and its effect
on water levels is not as extreme as it has been in the past, although it does
continue to be a problem.

b. Gas Operated Piezometers. A total of 32 gas operated (pneumatic)
piezometers have been installed in the embankment and foundation of Longview
Dam, of which, 22 remain functional. Three instruments were destroyed by a
1982 flood, two were destroyed by construction equipment, four were abandoned
because of water in the pressure leads or a diaphragm failure, and one
indicated pressures above the range of the readout device. Of the 22
remaining gas operated piezometers at Longview, 18 are Sinco Model 51471 pore
pressure transducers (2-tube) with "Norton" (low air entry) Zilters, 3 (PPE99-
8, PPE99-12, and PPE99-15) are Petur model P-100 pneumatic piezometers (low
air entry filter), and I (PPE99-11) is a Sinco Model 51471 pore pressure
transducer with a "Coors" (high air entry) filter. PPE99-8 and PPE99-11 were
installed within 5-feet horizontally and 12-feet vertically of each other for
comparison purposes (Plates 116 through 119).

Each of Ihe three types of gas operated piezometers were installed
differently and the installation details are shown on Plate 42, The standard
Sinco 514)1 transducers were installed in 3.5 feet of saturated sand in a
6-inch diameter borehole. Above the sand, the hole was sealed with 4.5 feet
of bentonite balls. The remainder of the hole was then filled with a I to 1
mixture of sand and granular bentonite. The Petur P-100 pressure cells were
installed in existing 3/4-inch I.D. PVC open tube piezometers. The transducer
was placed in the PVC riser and 8 feet of saturated sand was placed in the
riser. A 1-foot thick plug was then formed around the pressure leads inside
the riser using a water sensitive expanding polymer. The riser was cut off
1 foot below the surface of the fill under construction and the remainder of
the riser was filled with sand. A 1-foot thick bentonite ball seal was placed
over the top of the cut off PVC riser and embankment construction continued
over the bentonite seal. The Sinco 51471 with the high air entry Coors filter
was installed in an existing 2-inch diameter PVC piezometer. The 2-inch riser
was filled with saturated sand to within 8 feet of the surface of the
embankment. Bentonite balls were then placed in the remaining 8 feet of riser
to form a seal. Again, embaakment construction continued above the bentonite
seal.

Five of the existing gas operated piezometers have begun, or continue, to
provide erratic readings and have water in the pressure tubing at least
intermittently. These problems are believed to be due to the piezometers and
the associated tubing approaching the end of their useful life expectancy.
The possibility of continuing to obtain useful readings from these devices is
questionable. Difficulties have been encountered in reading the following
devices: PPE93-1, PPE93-6A, PPF97-9, PPF99-1, and PPE99-6.

c. Vibrating Wire Pressure Cell. The vibrating wire piezometer,
PPE99-18, is a Geokon Model 4500. The vibrating wire piezometer cell was
placed in a 1.5-inch diameter vertically slotted PVC pipe filled with
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I pounds per gallon kaolinite slurry (Plate 42). The leads to the cell were
extended from the top of the 1.5-inch diameter pipe through a length of
3/4-inch PVC pipe. This length of pipe was also filled wich kaolinite slurry
and sealed 4.7-feet above the piezometer tip with a plug of water sensitive
expanding polymer. A 6-inch diameter leather collar was placed around the
3/4-inch pipe at the same location as the polymer seal. This entire assembly
was then lowered to the bottom of a 6-inch borehole filled partially with the
kaolinite slurry using a 0.4-foot long length of 3/4-inch PVC pipe to keep the
unit off of the bottom of the borehole. A 4-foot seal of bentonite balls was
placed above the leather plug and a 1.5-foot layer of saturated sand placed
above that. The remainder of the borehole around the 3/4-inch pipe containing
the plexometer leads was filled to the ground surface with a 5 percent
bentonite-cement grout. The readout leads for this device are entirely
encased in 3/4-inch PVC pipe between the top of the 1.5-inch diameter slotted
pipe and monitor box 5 on the downstream crest road shoulder.

7-03. Embankment Piezometric Devices. Following completion of the Stage
I left embankment, high pore pressures were measured in the lower part of the

embankment. Between the Stage I and Stage II contracts, overflowing water
levels and quick recoveries after pumping were found in the protective casings
of several devices in the closure section. It appeared that the protective
casings and the risers were acting as separate measuring devices. The
protective casings were apparently registering higher pore pressures at points
higher in the embankment, possibly near the mid-height. These pressure levels
apparently exceeded 50 percent response. An extensive investigation was
undertaken to determine the extent of the high pore pressures and the
adequacy, including stability, of the embankment. The investigation Involved
undisturbed sampling and testing, inspection of in place embankment material
from two large diameter auger holes, installation of additional
instrumentation to monitor pore pressures and slope movement, dye injection,
and pump tests. A complete discussion of the investigation is contained in
Enclosure 1. The investigation revealed construction induced pore pressures
in the left embankment backfilled excavations below approximate elevation 810
ranging up to about 75 percent. Between approximate elevations 820 and 830,
above the backfilled excavations, pore pressure responses were between 50 and

60 percent. No pore pressures were present in the top 20 feet of the Stage I
fill.

Most of the piezometers installed in the embankment measured induced
construction pore pressures after completion of the embankment and continue to
do so. In general, piezometers located in the cutoff trench and adjacent to

the conduit registered the highest pore pressure levels upon embankment
completion with some indicating pore pressure of up to 63 percent, or about
65-feet above the top of the dam.

Construction pressures in the embankment remain high especially in the
cutoff trench and around the conduit (40 to 55 percent pore pressure
response). Most of the piezometers are showing a pressure dissipation of
about I to 5-feet per year in the embankment although some have not begun to
show pore pressure dissipation.

Piezometers installed in the embankment indicate pore pressure levels
above the pool elevation, therefore the effect of pool filling on the
embankment piezometers has yet to be determined.
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All piezometers on the project are currently being read quarterly.

7-04. Foundation Piezomstric Devices. During construction, little pore
pressure developed in the foundation shale or overburden. During reservoir
filling, piezometers located in the foundation overburden on the upstream side
of the cutoff trench indicated nearly full reservoir head which was apparently
being transmitted through the basal gravel layers. The piezometers located in
the upstream foundation overburden still indicate nearly full reservoir head,
however, no significant pressures are being transmitted downstream. The only
other foundation piezometer to show high pressures was PPF99-4 with its tip in
the Pleasanton Zone E formation (Plates 114 and 115). It built up pore
pressure to an elevation of 880 shortly after construction was completed and
has dropped to elevation 837 as of the fall of 1990. Since filling of the
reservoir in 1986, all of the piezometers in the Pleasanton Zone E siltstone
on the upstream side of the grout curtain have bhown a slow, but constant,
increase in piezometric level. These increases have been anywhere from 8 to
14 feet with PPF86-1A on the upstream right abutment shoving the largest
increase (Plate 102). The piezometers in the Pleasanton Zone E siltstone on
the downstream side of the grout curtain have shown general decreases in
measured pore pressure from I to 14 feet except for PPF87-3 as noted in the
"Abutment Piezometric Devices" section below.

7-05. Abutment Piezometric Devices. Piezometers located in the right
abutment bedrock, downstream of the grout curtain, rose as the pool filled
lagging the pool generally on the order of 14 feet. This prompted the
installation of piezometers in various geologic members to determine which
ones were transmitting pressure. Some pressure testing and bail tests were
done as the holes were being drilled. It was found the formations
transmitting the high pressures included the Pleasanton Zones A & B, as well
as the Middle Creek limestone and Hushpuckney shale. Piezometers were also
installed in the pervious drain after excessive water was noted exiting the
pervious blanket. Piezometer readings indicated the pervious blanket was
completely saturated and even pressurized in some areas. It was concluded
that the excessive water was coming from seepage through the right abutment
bedrock. No other problems have surfaced due to these high pressures and it
appears that seepage through the right abutment is being controlled and
collected by the pervious blanket.

The piezometers in the Pleasanton Zone E siltstone on the downstream side
of the grout curtain have shown general decreases in measured pore pressure
from I to 14 feet except for PPF87-3 (Plate 103). PPF87-3 has shown a 3 foot
increase in the measured piezometric level in the Pleasanton sliltstone since
1986. This increase is most likely due to migration of high pressures from the

overlying Hushpuckney shale, Middle Creek limestone, and the Pleasanton Zones

A and B.

Seepage pressures remain high in the right abutment bedrock and are
influenced by the pool. A steady flow continues to exit the pervious blanket
as a result of this seepage. This causes the toe ditch to remain wet and
causes a maintenance problem in this area. No other problems have surfaced
due to these high pressures.
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7-06. Inclinometers. There are three inclinometers installed through the
upstream slope and one through the downstream slope. All are between stations
97+00 and 99+00 (Plate 36). All of the inclinometers are constructed of
3.38-inch outside diameter, grooved aluminum casing (Plate 43A). The casing
was installed in 10-foot lengths and joined with 3.63-inch outside diameter by
12-inch long telescoping aluminum couplings. The casings were pop-riveted to
the couplings with aluminum rivets and a gap was left between subsequent
casings to allow for settlement of the foundation or embankment. In the
foundation overburden, a 12-inch gap was left between casings wUile a 6-inch
space was left between casings that passed through the embankment. Each
inclinometer is sealed at the bottom with a pop-riveted plastic cap and
protected at the surface of the fill by a 6-inch diameter, lockable,
galvanized steel pipe.

1-97-1 and 1-99-2 were installed in 7-inch flight augured boveholes
through the partially completed embankment and foundation overburden. The
bases of the inclinometers are seated in holes drilled using a 5-5/8 inch rock
bit in the foundation rock. Pea gravel was used as backfill material in the
annulus around the inclinometer casings. A short length of 6-inch diameter
steel pipe filled with pea gravel was placed around the inclinometer at the
surface of the fill. As the embankment was brought up, the fill was compacted
directly against the 6-inch pipe. After each few lifts, the pipe was raised
to the new fill surface leaving the pea gravel in direct contact with the
compacted embankment material. This process was repeated until the final
surface of the fill was reached where a I to I cement grout seal was placed.
1-99-1 was installed after completion of the embankment at the device, in a
borehole drilled entirely with a 6-1/8 inch rockbit through the embankment,
foundation, and into the foundation rock. Pea gravel was placed in the
annulus around the inclinometer casing and a 4-foot long seal of bentonite
balls was placed around each coupling. 1-99-3 was also installed after
completion of the embankment adjacent to the bridge abutment and the borehole
was made using a 5-7/8 inch rockbit exclusively. A 1:1 cement grout fills the
annulus between the inclinometer casing and the borehole walls.

Inclinometer 1-99-1 was installed at station 95+40, range 2+57 downstream
(Plate 41) in September of 1984, one month prior to topping out of the
embankment. This device has shown a total movement of 4.7 inches most of
which occurred between elevations 803 and 829 prior to September of 1986
(Plate 121 and 122).

Inclinometers 1-97-1 (station 97+49, range 1+89 upstream) and 1-99-2
(station 98+25, 0+85 upstream) were installed after the Stage I embankment was
completed and were extended through the embankment as it was constructed
(Plate 41). 1-97-1 has shown a total upstream movement of 7.5 inches most of
which occurred between elevations 823 and 842 (Plate 124).

1-99-2 has shown approximately 8.2 inches of upstream displacement, most
of which took place in the top 4 feet of the fill and between elevations 819
at the bottom of the inclinometer and 856 (Plate 122). Most of the movement
at the base of the device occurred as the embankment was being topped out or
shortly after completion of the embankment. The movement shown in the top
4 feet of the embankment is attributable to the placement of a concrete work
pad on the up slope (downstream) side of the device. The concrete pad was in
contact with the protective pipe around the inclinometer and has caused the
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top section of the inclinometer to lean upstream. Neglecting the movement
shown in the top 4 feet of the embankment, 1-99-2 shows 6 inches of total
upstream movement.

Since October of 1987, 1-99-2 has been experiencing a problem with
"silting in". Between October of 1987 and September of 1990, the sounded
depth of this inclinometer decreased 15 feet from 103.8 to 93.8 feet. This
"silting in " is reflected by the progressive upward shifting of the bottom of
the readings on the movement versus depth plots shown. on Plate 122. The loss
of the lower 15 feet of the instrument is also evideaced by the shifting of
the data plots to the right as the incremental movement shown in the lower
portion of the instrument is lost. The exact nature of the material in the
inclinometer and the cause for the silting is currently unknown. Flushing of
the casing and sampling of the material is planned. If it is found that
substantial quantities of embankment materials are found in the instrument, it
will be abandoned by grouting the casing full.

1-99-3 was installed at station 98+50, range 1+80 upstream adjacent to the
tower bridge abutment (Plate 41). During and after construction, this device
indicated lateral spreading of the embankment in the conduit section on the
order of 4.5 inches (Plates 123 and 124). This spreading resulted in movement
of the control tower bridge abutment and complete closure of the expansion
joints at both the bridge abutment and pier. Most of the movement occurred
between elevations 816 and 837 with a fairly concentrated zone of 1.9 inches
of incremental movement at elevation 826.3. As a result of this movement the
embankment stability was checked (see Chapter 6). Repair of the bridge
abutment and reestablishment of the tower bridge expansion joints was
accomplished by contract in the spring of 1990.

No substantial movement has been shown by any of the inclinometers since
1987. All four inclinometers are currently being read twice a year.

7-07. Alignment Monuments. The alignment monuments on the downstream
line "A" and upstream line "B" consist of 18-inch diameter by 8-foot deep
reinforced concrete monuments (Plate 43). Alignment line "A" is located
200-feet downstream of centerline between stations 87+50 and 101+00 and
contains 8 monuments on 200-foot centers. Line "B" is located 170-feet
upstream of the embankment centerline between stations 87+00 and 103+50 and
contains 9 monuments on 200-foot centers (Plate 36). In addition to alignment
monuments, each line has two instrument monuments; one on each abutment.

As previously noted, lateral spreading of the embankment in the conduit
section caused movement of the control tower bridge abutment and complete
closure of the expansion joints at both the bridge abutment and pier.
Alignment line "C" was installed to monitor the tower bridge abutment movement
and consists of only one alignment plate and two instrument monuments
(Plate 43). The alignment plate is located at station 98+66, range 1+77
upstream, and is installed on the north end of the east bridge parapet over
the abutment. There is not a concrete monument installed at that location,
only a stainless steel instrument plate mounted on the bridge parapet. Line
"C" uses the same left abutment instrument monument as the upstream line "B".
A separate Instrument monument for line "C" exists on the right abutment
upstream of the monument for line "B" to allow a straight shot across the
bridge abutment.
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Initial readings on all three lines were taken three times and the results
averaged to establish a zero reading. The initial readings of lines "A" and
"B" were taken in July of 1985. The initial reading of line "C" was taken in
March of 1986 after installation of the alignment plate. "A" on the
downstream slope has experienced the most overall movement with a maximum
total movement of 1.7 centimeters at monuments A-5 and A-6 at stations 95+00
and 97+00 respectively (Plate 98). The maximum total movement of 1.4
centimeters of the upstream line is shown by monument B-3 at station 91+00
(Plate 98). Vertical surveys taken on each monument indicate maximum
settlements since installation on the downstream line at monument A-6 which
shows a total settlement of 0.19 feet (Plate 99). The maximum settlement on
the downstream line is 0.14 feet at monument B-4 at station 93+00 (Plate 100).
Line "C" has indicated no movement or settlement since installation since all
bridge abutment movement took place prior to installation of the monuments.
All alignment monuments on the project are currently being surveyed
semiannually.

7-08. Foundation Settlement Plates. Three mechanical foundation
settlement plates were installed during construction in 1983. These devices
were installed at stations 91+00, 93+00, and 96+00 and are downstream of the
embankment centerline 40, 50, and 75 feet respectively (Plate 36). SPPF91-1
and SPPF93-7 consist of a 36-inch square, 1/2-inch thick steel plate set
approximately 1-foot below the embankment/foundation contact (Plate 43). The
plate of SP96-1 is also a 36-inch square steel plate but it is installed
approximately 10-feet above the pervious blanket as opposed to below the
blanket at the foundation contact as is the case with the other settlement
plate installations. The location of the plate allows SP96-1 to monitor
settlement in approximately the lower 13 feet of the embankment. To allow
monitoring of changes in elevation of the plates, a 1-inch diameter standard
galvanized pipe is connected to a flange bolted to the plate. The 10 inches
of galvanized pipe immediately above the plate is perforated with 12,
1/16-inch holes to allow monitoring of pore pressures as well as settlement.
(The use of all three settlement plates to monitor pore pressures was
discontinued in May of 1986 due to the presence of heavy oil in the riser.)

As noted on the plots, there was no reliable settlement data recorded
between August of 1984 and May of 1985 since the contractor failed to record a
riser extension (Plate 97). It was assumed that no settlement took place
during this period. The three settlement plates indicate that the bulk of
foundation consolidation had occurred by October of 1984 with only small
settlements since that time. The range of settlements indicated is between
0.5 and 0.8 feet with SPPF96-1 showing the greatest settlement. The maximum
current rate of settlement shown by the settlement plates is less than
0.1-foot per year. See section "Crest Settlement Monuments" below for
discussion and comparisons of the foundation settlement plates and crest
settlement monuments. All foundation settlement plates on the project are
currently being surveyed annually.

7-09. Crest Settlement Monuments. On completion of the dam in 1985,
seven crest settlement monuments (CSM's) were installed in a single line on
200-foot centers along the crest of the dam (Plate 36). The monument line
runs along the inside edge of the downstream guardrail of 109th street at
approximate range 0+36 downstream. The monuments are 6-inch diameter by
6-foot deep auger holes filled with reinforced concrete. The monuments are

k V-7-8



capped with a standard brass monument cap set flush with the bituminous
roadway surface (Plate 43). Four of the brass monument caps were damaged by
snowplows in 1987 and it may become necessary to relocate the crest settlement
monuments to the downstream side of the guardrail to prevent this type of
damage from recurring.

As noted above, the crest settlement monuments were installed in July of
1985 and have since shown between 0.1 and 0.35 feet of settlement (Plates 95
and 96). CSM-4 at station 94+50 over the old river channel shows the maximum
crest settlement. The crest settlement monuments are currently being read
once a year and currently indicate settlement rates of less than 0.1-foot per
year.

CSM's 2, 3, and 5 are located at roughly the same respective stations as
settlement plates SP91-1, SP93-7, and SP96-1. Comparisons of the total
settlements shown by CSM's 2 and 3 and settlement plates SP91-1 and SP93-7
indicate that approximately 70 percent of the total settlement that has
occurred since 1985 has been embankment settlement. As noted above, the plate
for SP96-1 is installed approximately 10-feet above the pervious blanket which
allows it to monitor settlement in approximately the lower 13 feet of the
embankment. Settlements indicated by CSM-5 and SP-96-1 are closer in
agreement than the other comparisons and it is indicated that approximately 90
percent of the embankment settlement shown by the crest settlement monuments
is occurring in the lower portions of the embankment which are not monitored
by SP91-1 and SP93-7.

7-10. Top of Dam Profiles. Surveys are made annually of the top of the
New Jersey barriers and the top of the dam at the downstream edge of the
barriers between the lanes of 109th street across the dam (Plate 94). As
noted previously, the roadway surface across the dam is below the theoretical
top of dam elevation of 926.6 by approximately 1.2 feet and the New Jersey
barriers are considered to account for the remaining required freeboard. The

elevations taken after the September 1989 repair of the low spot on the left
abutment are shown in the top plot on Plate 94.

The maximum settlement shown by the top of dam surveys occurs at station
94+50 over the old river channel and is approximately 0M3 feet. This data
confirms the location and magnitude of settlement shown by the crest
settlement monuments.
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CHAPTER 8

CONSTRUCTION NOTES

8-01. General. Major sewer construction work in the reservoir area was a
significant concern in planning for the construction of the dam. Closure of
the embankment could not occur until the sewer was complete because of the
potential to inundate the sewer construction area within the reservoir. Since
it was unknown at the time of preparation of plans and specification when the
sewer construction would be complete, the District decided to construct the
dam in two stages. This created some problems with trying to minimize the
number of temporary slopes and "tie-ins," however, a construction plan was
developed with this objective in mind. The plan was complicated not only by
the existing sewer which crossed the proposed foundation and the necessity for
the sewer to remain in service at all times, but also by the relatively narrow
valley and the fact that the best available upstream borrow was located in
low-lying areas next to the river channel. To minimize "tie-ins" the plan
proposed building the minimum embankment necessary in Stage I prior to
diversion and closure in Stage IT. This embankment was to be only that
necessary for the cofferdam (except the closure section). Stage I required
construction of the outlet works (conduit and sewer), diversion of the sewer,
and removal of the existing sewer. It required excavations for the outlet
works including the outlet channel and a river diversion channel. Cutoff
trench excavation and foundation grouting was included in Stage I as well as
backf'lling the cutoff trench for the right and left embankments. To minimize
the amount of low-lying impervious material that had to be stockpiled, it was
decided to include placement of the downstream conduit embankment to elevation
867. Stage II construction included diversion of the river, construction of
the closure cofferdam, the remaining portions of the downstream embankment,
and raising the entire embankment to final elevation. The construction plan
allowed a considerable portion of the Stage II embankment to be constructed
without temporary slopes or "tie-ins." However, the configuration of the
Stage I embankment and the cofferdam was not ideal since it consisted of many
small pieces.

8-02. Stage I Contract. The Stage I contract, DACW41-79-C-0114, was
awarded to W. A. Ellis Construction Company, Kansas City, Missouri, on August
24, 1979, for the low bid of $11,865,103.00. Construction began in September
1979 and was completed in October 1982. Ellis Construction Company's previous
experience was primarily in highway and sewer construction projects, they had
never constructed a dam, nor did anyone with the company have any dam building
experience. This lack of experience was compounded, especially early in the
contract, by the fact that the Government did not have a resident engineer on
the job full-time. rhe project was administered by an area engineer who
visited the project only periodically and an inadequate staff. This led to
immediate problems with rock excavation, foundation treatment and preparation,
care of rock surfaces and especially material usage. Early in the project the
specifications were often totally ignored. After these administrative
problems became apparent a full-time resident engineer was assigned to the
project and was given a very capable staff. The project ran much better in
that the specifications were being enforced; however, the early problems led
to hostile relations between the contractor and the resident office. Strict
interpretation and enforcement of the specifications led to a substantial
claim inv,,Iving a variety of issues, the most significant of which related to
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material usage from the borrow. Additionally, because of these problem and
unexplained observations of the left embankment and instrument monitoring
devices, serious concerns for the integrity of the Stage 1 embankments
surfaced. The embankment experienced relatively high pore pressures
apparently related to fill placement which tended to be wet of optimum and the
rather complex configuration of the embankment pieces. The high pore
pressures were complicated by an unexplainable accumulation of gas in the
monitoring devices. An extensive investigation was conducted to determine the
stability and adequacy of the Stage I embankments. The borrow area problems,
embankment investigation and other pertinent features are discussed below.

a. Borrow. Much of the low liquid limit material needed for the
impervious fill and the stockpile for Stage I1 was easily available only in,
close-in, low-lying areas along the river. The other areas of the borrow
contained some low liquid limit material however, it was usually overlain by
high liquid limit material unacceptable for use as impervious. On previous
dam construction projects, as on this one, the Government had done enough
exploratory work to ensure that sufficient quantities of the desired miterial
were available in the borrow; but usually this exploratory work was not
sufficiently detailed for the actual construction. Detailed explorations were
expected of the contractor; specifications clearly state this as the
contractor's responsibility. However, the contractor did no exploratory work
to classify material in the borrow and placed a large quantity of the close-in
low liquid limit materials in the berm and random fill zones early in the job.
He then began experiencing problems finding acceptable material for use in the
remaining impervious zone in the left embankment and to complete the
impervious stockpile required for Stage 11 construction. This material could
not be readily classified visually because there was not a discernible
difference in color and the material typically ranged in liquid limit between
about 45 and 60. Visual classification techniques using toughness of the PL
thread are not precise enough for most individuals to differentiate between
materials with LL just below 55 from those just above 55. The contractor was
directed to do exploratory work in the borrow; however, not enough quantity
was found to complete either the left embankment or the impervious stockpile.
An analysis of the borrow area, and of materials placed in the berm and random
zones for the claim revealed that more than enough impervious had been
available in the borrow to meet the fill quantities required. In fact, the
analysis showed that some 180,000 cubic yards of impervious was placed in the
berm zone, and 75,000 cubic yards in the random zone. Only 40,000 cubic yards
had to be deleted from the Stage I contract quantities for the left embankment
and the impervious ttockpile.

b. Outlet Works Excavation.

(1) Conduit-Sewer. The conduit-sewer excavation began in the fall
of 1979. The floor of the excavation was 25-feet wide upstream of the cutoff
trench and 30-feet wide downstream of the cutoff trench (see Plate 12 for
excavation plan). The overburden excavation averaged 20-feet deep with IV on
2.5H slide slopes. The majority of the excavated overburden was used for the
impervious stockpile. The rock excavation averaged only 2 to 4-feet deep and
was performed with backhoes, jackhammers, or dozers with the exception of the
intake tower area where a rock saw was used to make the necessary vertical
cuts. The rock surface was brought to final grade using a "roto mill," a
large track-mounted cutting roller. Air-water jets were used to clean off the
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final bedrock surface prior to placing the specified 6 inches of fill
concrete. It was required the bedrock be excavated to firm rock, so in some
places additional fill concrete had to be placed to bring the final fill

concrete surface to grade. The contractor elected to over excavate the east
slope to provide for a 30-foot wide workbench along the tower area (O.W.
station 45+00 to 46+00) and 20-foot ide bench along the conduit section.
During the conduit-sewer excavation several slides occurred along the left

abutment.

(a) Sewer Excavation Slide. On November 18, 1979 a slide

occurred on the left side of the sewer excavation between outlet works (O.W.)
stations 55+00+ to 57+00+. The slide moved on a slickensided surface in the

weathered shale which underlies the talus. The horizontal movement at the
head of the scarp was in excess of 8 feet and the depth to the failure plane
varied from a few feet to 8 or 10 feet. The failure took place just after the
excavation had been made at the toe of the natural abutment slope. (See Photo
13.) After the initial failure, additional exploratory holes were drilled and
the slide area was analyzed and monitored. Through the winter of 1980,
additional movement was experienced and the slide area increased. Because of
the continued movements, there were concerns regarding long-term stability of

the area. It was felt the slide would not adversely effect the stilling basin
or the outlet works; however, continued movement would not be tolerable to the

relatively rigid new sanitary sewer pipe to be located on the left side of the

outlet works. Therefore, the proposed new sanitary sewer was relocated to the

right side of the outlet works by Modification 6. The new sewer alignment is

shown on Plate 12. The slide area was repaired by removing the slide material

from the excavation and backfillLng the sewer excavation to elevation 820 with

the excavated overburden from the left abutment as part of Modification 16.

The backfill was placed in 8-inch lifts, compacted with even routing of

hauling equipment and the final surface sloped to drain away from the

abutment.

(b) Left Abutment Slides. During the winter of 1980, three

additional shallow slides occurred in overburden on the abutment side of the

conduit excavation between O.W. stations 50+00 and 52+00. These slides were

each about 50-feet wide and extended about halfway up the slope from the base
of the excavation. Then again in December 1980 another slide occurred in the
same area. In order to prevent further sliding of the left abutment

overburden, the contract was modified to require all left abutment overburden

between the cutoff trench and the downstream toe of the embankment be

excavated to rock.

(2) Outlet Channel. In the late summer of 1980, the outlet

channel alignment was modified to avoid the guy wires of a newly relocated

power line. The outlet channel was moved toward the east downstream of O.W.
station 60+41. This new alignment also eliminated the need to relocate an
existing gas line.

(3) Approach Channel. The approach channel parallels the new

sewer relocation which was constructed under separate contract concurrently
with Stage I construction. Originally the entire approach channel excavation
was to be performed during Stage II to prevent the confusion of having
separate contracts in the same area. However, the majority of the approach
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channel excavation was performed by the sewer contractor during the
installation of the adjacent sewer. Therefore, only minor excavation was
necessary during Stage 11 to bring the approach channel to grade.

c. Sewer Relocation. Prior to constructing the embankment, the
existing 48-inch sanitary sewer located on the right and parallel to the
outlet works had to be diverted through the relocated sewer beneath the
conduit without interrupting service and then removed. Construction of the
dual 54-inch sewer pipes located under the conduit and the removal of the
existing sewer pipe within the limits of the dam were included in the Stage I
contract. The remaining sewer relocation work in the reservoir area and
downstream from the dam was performed under a separate sewer contract. As
previously discussed, the new sewer alignment originally located on the left
side of the stilling basin was moved to the right side by Modification 6.
Because of this alignment change the new and existing sewers crossed.
Therefore, prior to constructing the new sewer, the existing sewer had to be
temporarily taken under the new sewer by an inverted siphon which was added to
the contract by Modification 37. The conduit-sewer structure was completed by
the fall of 1980 but the actual sewer diversion did not take place until July
1981. The existing sewer and all of the bedding material was removed shortly
after diversion. The majority of the existing sewer was located on bedrock so
the excavation and foundation cleanup performed was similar to the cutk 1
trench. The contractor excavated e d cleaned up to 50 feet at a time an. tsed
air jetting for final cleanup of the shale. The sewer excavation was to be
backfilled with impervious (LL<55), however, the contractor was also allowed
to use fat clay. The downstream pervious blanket was placed directly over the
sewer backfill rather than along the excavation limits. All of the existing
sewer pipe was removed except the inverted siphon. It was left in-place and
pumped full of sand to prevent the water flowing through the sand blanket
adjacent to the conduit from building up pressure upstream of the new sewer.

d. Cutoff Trench.

(1) Excavation. The cutoff trench was excavated to bedrock
between station 86+00 and 104+00. The floor of the excavated trench is
30-feet wide and the side slopes are IV on 2H in the overburden and IV on 1H
in the bedrock. (See Plate 11). The contractor began excavating the trench
along the valley, then proceeded to the left abutment and finished the trench
excavation with the right abutment. The overburden thickness varies from
0 feet on the abutments to as much as 29 feet in the valley. The majority of
the excavated overburden was placed in the impervious stockpile or temporarily
stockpiled for future use in Stage I. The rock ixcavation was performed
primarily by backhoes or presplit blasting to mittmize damage to the rock
surface. The specifications restricted blasting within 100 feet of concrete
or grout less than 7 days old or within 50 feet regardless of age. Therefore,
the majority of the blasting along the cutoff trench was completed prior to
curtain grouting and all of the blasting on the left abutment cutoff trench
was completed prior to placing the outlet works structural concrete. As
previously mentioned the cutoff trench was excavated to grade prior to
grouting with the exception of the shales which were left 2-feet high to
protect the underlying shale from drying out and weathering. All curtain
grouting was performed from the floor of the cutoff trench (Photo 14) and is
discussed in more detail in the Construction Foundation Report. The cutoff
trench excavation and curtain grouting was performed in the dry. The river
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had to be temporarily diverted to perform cutoff trench excavation and curtain
Srouting within the river chansel. The contractor made little or no effort to
control surface rumoff or groundwater in the cutoff trench between grouting
operations and beckfilling.

(2) leckfillin. The cutoff trench was backfillsd with impervious
fill and a 6-foot wide pervious drain on the downstream side of the trench
(see Photo 16). In mid June 1980, the contractor began backfiling the cutoff
trench at approximately station 93+60 and proceeded towards the right
abutment. There were several areas along the upstream slope where water was
seeping f roe the clayey gravel tone directly above the shales. Initially the
contractor only had two pumps with sumps located wherever low areas existed
which resulted in the contractor chasing water from location to location. The
first lift of backfill placed on the shale was I to 2-feet thick and in some
cases was placed in standing water. Two test pits wre dug between station
91+00 and 92+00 to observe the fill-shale contact and the overall backfill
condition. They indicated a zone of very soft wet fill existed at the shale
contact, varying in thickness from 1/4 inch to I inch. The contractor was
required to remove and replace this unacceptable lift. The removal of this
lift is shown in Photo 15. After these initial problems, the contractor's
operation improved. In order to control lift thickness and ensure an adequate
fill-shale contact, the contractor was directed to use special backfill for
the initial shale covering which required 3-inch lift hand compacted. The
backfill was brought up to a depth of 6 inches, then the next lift was
compacted with a rubber tired loader. The seepage along the basal gravel was
easily handled with additional pumps and pump pits.

Between station 90+10 and 91+10 several 5 gallon cans with the
bottoms removed were used to collect the more concentrated seepage from the
gravel zone directly above the bedrock. The 5-gallon cans were placed
directly on bedrock and as the backfill progressed, additional cans with the
tops and bottoms removed were placed on the initial cans. The water that
collected in the cans was pumped out. After three layers of cans were
installed (4.5 feet of head) the cans were filled with sand and the impervious
fill placement continued.

The contractor was allowed to place fat clay rather than lean clay
in the lower 5 to 6 feet of the cutoff trench (below the water table). The
liquid limit restrictions were reportedly raised in this area because the
excavation was wet and lean clay absorbs water more easily than fat clay,
thus, the lean clay was thought to be more likely to become unworkable than
fat clay. Prior to changing the liquid limit requirements the effect of the
potentially lower shear strength on stability analyses was consideced. It was
determined that weaker material in this location near the top of rock at the
centerline would not adversely affect the stability of the embankment.

The original specification required the pervious fill be placed in
12-inch lifts and compacted with three passes of a 5-ton vibratory roller or
4-inch lifts and compacted to 80 percent relative density with a plate
vibratory compactor. The three passes with a vibratory roller were only
achieving 75 to 80 percent relative density and the 80 percent relative
density was extremely difficult to obtain using a hand compactor. Therefore,
the compaction requirements for the plate vibratory compactor were reduced to
70 percent relative density for the pervious fill placement.
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I
e. Abutments. Originally, only that portion of the excavation and

foWadation treatment within 75 feet of the cutoff trench and within the limits
of the Stage I embankment was to be performed under Stage 1. The excavation
and foundation treatment was similar for both abutments. The excavation was
performed with backhoes and presplit blasting to minimize damage to the rock
surface. Dental concrete was used to fill joints along the excavated
limestone slopes and gravity grouting was used to fill the joints along the
horizontal ledges. In many places formed concrete was placed against the
irregular bedrock face in order to achieve the desired slope and to seal the
bedding planes and vertical joints. When the contractor began working on the
left abutment it became evident the weathering extended further into the
abutments then originally anticipated, therefore requiring additional
excavation into the abutment to reach sound rock. Knowing the right abutment
was steeper and more weathered, it became necessary to modify the contract and
extend the right abutment excavation above the original limits of the top of
the embankment (elevation 887). Modification 2 required the overburden and
rock be excavated between station 86+00 and 87+40 above elevation 887 upstream
and downstream of the cutoff trench within the final embankment limits. This
additional excavation provided an adequate workbench for drilling the Bethany
Falls limestone and flattened the hazardous near vertical slopes in the
Winterset limestone. After the upper right abutment was excavated, the shale
formations were covered with a 3-foot minimum layer of soil to protect it from
drying out prior to Stage 11 embankment placement.

The Middle Creek limestone was present in both abutments but was more
predominate on the right abutment. This formation was only about 1.5-feet
thick and consisted of three distinct beds, two limestone beds with a thin
shale bed in between. The upper layer of limestone was extremely jointed and
had the appearance of precut limestone blocks thus requiring special care
during the foundation treatment adjacent to the random and impervious zones.
In order to minimize the disturbance of the rock to remain in-place, the final
rock excavation was performed by equipment located on the fill not the
bedrock. The three beds were stair stepped and cut to a relatively smooth
vertical face. See Photos 18 and 19. The existing joints along the face of
the slope were mortar treated and the joints on the top limestone surface were
cleaned with air jetting and filled with grout. No heavy equipment was
allowed over the Middle Creek formation until 2 feet of special backfill had
been placed over it.

The Sniabar limestone was presplit in an effort to make a smoother face
to compact fill against and to remove rock with solution cavities. However,
on the right abutment the blasting badly fractured the formation resulting in
the need for additional foundation treatment. The existing joints were opened
and the upper ledge was lifted and broken up. The final treatment of the
formation included the removal of upper ledge which caused undercutting of the
underlying shales at various locations. The loose material was removed from
the fractured face and dental concrete was placed against the irregular
surface. Formed concrete was to be placed against the formation where shale
undercutting occurred. The initial concrete placed against the Sniabar within
the upstream random zone was placed too stiff and was not formed or vibrated.
The concrete was simply dumped on the slope and towelled smooth. The
contractor was required to remove and replace this concrete due to the voids
and the inadequate bonding between the rock and the concrete.
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f. ght Embankment. The first embankment to be placed in Stage I was
on the right side of the river and was completed in 1980. Prior to any fill
placement the diversion channel was excavated and the river was straightened
to allow for construction of the embankment on both sides of the river. The
Stage I right embankment included the upstream berm and random zones which
were placed to elevation 887 and tied into the abutment at the top of the
Bethany Falls limestone. It also included a small portion of impervious and
downstream random sones. A plan view at the end of Stage I is shown on Plate
17 and the embankment sections are shown on Plates 23 and 24. Photo 22 shows
an overall view of the right embankment. The contractor obtained t e majority
of the material for the right embankment from the nearby low lying aorrow
areas along the river which created considerable difficulty later il the
contract. As previously discussed, the low lying borrow areas were the best
source of the lean clay and should have been saved for the imperviou- zone
(LL<55) in the conduit section and the stockpile. However, the contractor
elected to place the loan clay in the random (LL<60) and berm (LL-unspecified)
zones.

Because several bedrock zones along the right abutment had open joints
or were highly fracture4 a 10-foot zone of clayey gravel was placed directly
against the abutment to act as a filter. As the fill placement progressed the
supply of clayey gravel diminished. At which time the clayey gravel was only
placed against the jointed and broken up limestone formation.

g. Left Embankment. The conduit structure was completed in the fall
of 1980 enabling placement of the adjacent embankment upstream of the
centerline to begin. Embankment placement downstream of the centerline did
not begin until the following spring, and that portion to the right of the
conduit section until after removal of the sewer. The conduit section zoning
extends from station 97+00 to 101+00 and consists of impervious material with
the exception of the pervious blanket and inclined drain. See Plate 24. The
internal zoning between station 101400 and the left abutment originally
included both berm and random zones. The contract was modified to change the
upstream and downstream berm fill to random fill between stations 101+00 and
102+00. This allowed better utilization of available material, provided a
better contact with the limestone surface and eliminated the need for separate
zones in an isolated area.

The embankment was brought up evenly on both sides of the conduit.
Downstream of the inclined pervious drain, the 3-foot thick pervious blanket

was placed in contact with the foundation along the outlet channel excavation
and around the conduit. Initially, the contractor had some difficulty
obtaining relative density even after the requirements had been lowered to
70 percent. But once an adequate amount of water was placed in front of the
compaction equipment, meeting the compaction requirements became easier.

Initially the impervious material (LL<55) for the conduit section was
taken from the remaining low lying borrow areas along the river. As the
impervious fill placement progressed, the contractor began to deplete the
easily identified lean clay sources and had to utilize material from the
higher borrow areas upstream of Longview Road. As previously discussed, the
material in the higher borrow areas consisted of intermixed lean and fat clay
which were difficult to distinguish visually without testing. The contractor
did not have an adequate method of classifying and identifying the suitable
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impervious material at the borrow pit resulting in the continual direction by
the Contracting Officer to remove unsuitable material after placement in the
embankment. The problem of identifying suitable material prior to its
placement in the embankment and the need for extensive testing continued
throughout the remaining fill placement and eventually was the basis for a
major claim. Due to the contractor's mismanagement of the borrow areas, there
was an insufficient amount of impervious material remaining which could be
practically excavated. Therefore, the downstream portion of the embankment
was topped out at elevation 867 and the upstream portion at elevation 870 even
though the original plan called for a small portion of the upstream left
embankment to extend to elevation 887.

h. Impervious Stockpile. As part of Stage I an impervious stockpile
was constructed downstream in order to ensure the Stage II contractor a ready
source of impervious after closure (Photo 25). This was necessary since the
majority of the impervious (LL<55) material was located in the low lying
borrow areas along the river which could periodically become inundated after
closure. The contractor began working on the impervious stockpile very early
in the contract utilizing the majority of the required overburden excavation
from the outlet works and cutoff trench. Placement of stockpile material
continued off an on throughout the length of the contract. As discussed
previously, the contractor misused most of the easily accessible impervious
borrow material and had to use the upper borrow areas where the impervious
material was not easily identifiable. As with the impervious zone for the
left embankment, extensive testing was performed both at the borrow area and
in the stockpile to ensure the material placed had a liquid limit less than
55. Any material found which did not meet these requirements was removed and
replaced. The specification for the gravel percentage in the stockpile was
not specific and the contractor was allowed to utilize lean clay with more
than 5 percent gravel. In the spring of 1982, it was discovered the
impervious stockpile was located too far upstream (approximately 120 feet)
within the Stage 11 embankment limits. The contractor was required to remove
and relocate about 30,000 cubic yards of material so that it would not
interfere with the Stage I embankment. The original stockpile was to be
200,000 cubic yards; however the final stockpile was actually only 170,000
cubic yards. This quantity was reduced at the end of the contract because
there was very little impervious material (LL<55) remaining in the designated
Stage I borrow areas. This shortage of impervious was basically due to the
contractor's mismanagement of the borrow areas as previously discussed.

i. Modifications. A total of 60 modifications were made to Stage I
contract. Only the following 16 pertained to the construction of the
embankment.

No. 2 Required additional overburden and rock excavation on the
right abutment above elevation 887 upstream and downstream
of the cutoff trench within the embankment toe trace.

No. 6 Changed the sewer alignment from the left side of stilling
basin to the right side.

No. 14 Required the excavation and backfill of test pit in cutoff
trench at station 90+70+.
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No. 16 Required 1.) The removal of the slide material near
O.W. station 52+00 and all left abutment overburden to
rock downstream of the cutoff trench to the embankment toe
2.) sewer excavation adjacent to the stilling basin be
backfilled with excavated overburden.

No. 17 Required the removal of additional limestone at station
102+98.

No. 19 Required two presplit blasting test section in the Sniabar
limestone on the left abutment.

No. 20 Change the outlet channel alignment to miss existing
powerline guy wires.

No. 22 Required the removal of two overhangs in the Bethany Falls
limestone on the right abutment approximately 125-feet and
147-feet upstream of the dam axis.

No. 25 Required the removal of overhang and the adjacent vertical
face of Bethany Falls limestone at station 87+35+,
90-feet + upstream of the dam axis.

No. 26 Required removal of fractured rock and resetting nipples
for grouting in the cutoff trench between station 89+50 and
88+90.

No. 33 Required the Sniabar limestone upstream of the cutoff
trench be fractured and removed using a non-explosive
demolition agent on a IV on 1H slope.

No. 40 Required the additional rock excavation of the Sniabar
limestone in Modification 33 be extended downstream through
the cutoff trench using the same non-explosive demolition

agent.

No. 41 Changed the upstream and downstream internal embankment
zoning from berm fill to random fill between station 101+00
and 102+00.

No. 46 Provided additional compensation to the contractor for
slower rate of placement during curtain grouting due to a
tighter rock formation.

No. 48 Required additional presplit and production shooting of

Bethany Falls limestone upstream of cutoff trench at
approximate station 87+75.

No. 55 Required the additional excavation of the unsuitable
material below the bottom of the existing 48-inch sewerline
and backfilling excavation with impervious fill.

8-03. Stage I Embankment Analysis. Dur ng construction of the Stage I

left embankment, high pore pressures (up to about 75 peroent response) were
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measured in the lower part of the embankment primarily in the cutoff trench,
sever trench and conduit excavation backfills. When overflowing water levels
and quick recoveries after pumping were found in the protective casing of
several devices, an extensive investigation was undertaken to determine the
extent of the high pore pressures and the adequacy, including sability, of
the embankment. The investigation involved undisturbed sampling and testing,
inspection of in-place embankment material from two large diameter auger holes
OH-i and OH-2, installation of additional instrumentation to monitor pore
pressures and slope movement, and dye injection and pump tests. The
investigation revealed high pore pressures in excess of 50% in the lover half
of the embankment. Equipment induced shear planes or other fractures or
surfaces discovered during the investigation were determined to be
discontinuous. It was determined that gas escaping from the open tube devices
was not from anaerobic decomposition in the fill but was apparently natural
gas from deposits in the foundation rock, or might possibly have originated
from gas trapped in the low lying borrow deposit. The results of the gas
sample analysis are provided in Enclosure 2. Slope stability studies
conducted with both total and effective stress (using measured pore pressures)
analyses showed an adequate safety factor for the embankment slopes. The
steepest existing slope, 1V on 3H, was found to have a safety factor of 1.8
and a safety factor of greater than 2 was found for the embankment constructed
to the construction halt elevation 890. It was further concluded the
embankment should perform satisfactorily as a water retention structure. A
more detailed description of the investigation and it's findings are provided
in the "Analysis of Stage I Embankment" published in April 1983. An updated
version of the write-up only is included in this report as Enclosure 1.

8-04. Stage II Contract. The Stage II contract, DACW41-82-C-0204, was
awarded in August 1982 to the second low bidder, W.A. Ellis Construction
Company for the amount of $9,181,143.00, after the low bidder, Jack B. Anglin
Company claimed an error and withdrew his bid. Construction began in August
1982 and was completed in September 1985. This contract included the spillway
excavation, diversion and closure, completion of the embankment, construction
of the service bridge, and the construction of the access and service roads.
Because of the experiences in the Stage I contract and the concerns for the
embankment stability, considerable effort was expended in revising and
tightening the specifications and investigating the quantities of specific
types of fill material available in the borrow. Based on these quantities and
stability considerations, liquid limit requirements were established in detail
for the embankment zones. A 6-month construction halt was scheduled in the
Stage II contract when the embankment reached elevation 890. This
construction halt elevation was originally specified in the DM as elevation
915; however, the construction halt was later changed because of the high pore
pressures which developed in the left embankment, the actual timing of the
6-month construction halt and the relative fill quantities involved before and
after the halt. In addition to the construction halt, fill placement rates
were established which limited placement to 5 feet per 7-day period and no
more than two lifts of fill in any 24-hour period.

a. Stae 11 Borrow-Study. During the preparation of the Stage II
plans and specifications an extensive re-analysis of the Stage II borrow area
was completed. Additional drilling, sampling and testing was necessary to
reanalyze the borrow area to assure that sufficient quantities of the
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necessary liquid limit material were available to complete the Stage Ii
embeankmnt. The liquid limit requirements in the embankment zones were
adjusted consistent with shear strength requirements to make best use of the
material available in the borrow.

A total of 59 additional borings were completed in the west borrow area
located vast of old Raytown load and 8 borings were completed in the east
borrow area located south of old Longview Road. (See Plate 3.) All borings
were 6-inch drive horings with a jar sample taken every 2 feet. Liquid limit,
plastic limit and moisture tests were conducted to classify the material. An
additional 421 liquid limit tests were completed on samples from the west
borrow and 87 were completed on samples from the east borrow. The
specifications called for additional testing by the contractor and placed
responsibility on him to determine proper disposition of materials.

b. Diversion and Closure. The diversion and closure plan consisted of
diverting the river and constructing a cofferdam in two phases. The Phase I
cofferdam was to be constructed after diversion in the upstream closure area
berm and random zones to elevation 878. The Phase II cofferdam was to be
constructed downstream of the Phase I cofferdam and consisted of berm, random
and impervious fill including backfill of the cutoff trench to elevation 887.
The diversion and closure plan including sections of the Phase I and II
cofferdam are shown on Plate 19.

The cofferdam heights were established in the DM based on routing
various floods through the lake with the outlet works gates completely opened.
The DM recommended the Phase I cofferdam height to be elevation 867 based on
the October 1949 flood (fourth highest flood) whica would create a lake of
elevation 862.5. However, comments from HRD resulted in the height of the
Phase I cofferdam being increased to elevation 878 which would protect against
the second largest flood (September 1961) or lake elevation 874.4. This
change was made because of the high degree of development downstream and the
potential damage which could occur i" the cofferdam were to fail. The height
of the Phase II cofferdam, elevation 887, was designed to protect against the
record flood of July 1951 which would have resulted in a lake elevation 882.3.

The contract required that diversion of the river be made between
June 15, 1983 and August 1, 1983 and the Phase II cofferdam be completed by
December 15, 1983. Prior to diversion the contractor had to complete the
following items:

1. The left embankment cofferdam to elevation 887 as originally
included in Stage I.

2. The outlet channel, including: placing bedding and riprap,
grouting riprap, constructing access walk and stairs; and the
removal of the protection dike adjacent to the outlet channel.

3. Final approach channel excavation.

4. The stilling basin inspection.
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Within the contract there was also a list of optional items which

could be completed prior to diversion. Of this list, the contractor only
completed the placement of the pervious blanket and the overlying 3 feet of
the corresponding embankment zones on the right side of the river.

The contractor diverted the river and began closure operations on
June 16, 1983. The diversion and closure operation was performed in the
following sequence:

1. The protective dike downstream of the stilling basin across the
outlet channel was excavated.

2. On June 16, construction of the upstream diversion dike began
and the river was diverted through the outlet works after the
approach channel plug was removed.

3. The remainder of the upstream diversion dike was rapidly placed
to elevation 823.

4. A portion of the fill for service road "D" between station
23+60 and 24+70 was constructed to elevation 810 to serve as a
downstream cofferdam.

5. Within the Phase I cofferdam area, the material from the river
channel was excavated and foundation preparation was performed
on the exposed bedrock surfaces.

6. The Phase I cofferdam was rapidly constructed of berm and
random material to elevation 878. Aerial views of this phase
is shown in Photos 37 and 38.

7. The cutoff trench in the closure area which was not completed
during Stage I (between approximately stations 93+45 and 95+80)
was excavated to final grade (excavation for grouting and
grouting operations were performed during Stage I) and
foundation preparation was performed. The foundation treatment
and fill placement in the cutoff trench closure section is
shown in Photo 39.

8. The next step was to construct the Phase II cofferdam to
elevation 887 before December 15, 1983. However, since
diversion was made fairly early and the Phase I closure
operations had gone rather quickly, the contractor elected to
bring the remaining embankment up all at once rather than just
the Phase II cofferdam. This fill placement is shown in
Photos 43 and 46

Shortly after diversion, heavy rains caused the Little Blue River
to overtop the Phase I cofferdam which, at the time, was only a few feet above
the existing ground surface adjacent to the old river channel. Some
embankment material was washed away and a considerable amount of cleanup was
required. The contract was modified to provide for the flood damage repair
which restored the permanent work to the field conditions which existed prior
to the flood damage.
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(Within the closure section, the pervious blanket was placed in
direct contact with the foundation after the river channel was cleaned up,
while the river channel downstream of embankment was backfilled with channel
fill. Photo 41 shows the pervious fill placement in the old river channel and
Photo 42 shows the tie-in between the adjacent pervious blanket and the
pervious fill in the old river channel. The embankment toe detail within the
river channel is shown on Plate 25. Downstream between station 91+00 and
93+50 an old river mender was discovered and the contract had to be modified
(Modification 12) to require the removal of the debris and the low strength
material. This excavation was then backfilled to the approximate adjacent
ground surface with gravelly random material. The pervious blanket was then
placed over the backfill rather than the foundation material.

By early November 1983, the upstream Phase 11 cofferdam was at the
required elevation 887 while the downstream embankment averaged about
elevation 880. Throughout November, adverse weather conditions prevailed and
it appeared there would not be enough good working days remaining in the 1983
construction season to bring the embankment to the required construction halt
elevation 890. The contractor requested the 6-month construction halt
elevation be changed to elevation 880+ beginning December 1983. The
Government approved the request but required the contractor do the following
items prior to the construction halt: level up the embankment at station
93+00; raise the abutment contacts to provide positive drainage; level and

seal the upstream cofterdam; provide erosion control for right abutment
drainage ditch; and cover all pervious material with 1-foot of cover similar
to the adjacent embankment material.

c. Embankment. The six month construction halt ended on June 1, 1984.
The contractor had requested an early start-up date, however this was rejected
because of continued high pore pressures in the embankment. In early June,
heavy rains caused a lake to form which peaked at elevation 865. Although the
borrow areas were inundated and numerous gullies formed on the embankment, no
major damage or abnormal seepage occurred. After the high pool, the
contractor removed the 1-foot impervious cover from the pervious drain and
began placing fill on the downstream side. The contractor continued placing
more fill on the downstream side of the embankment until the pervious drain
became the highest part of the embankment and positive drainage away from the
pervious drain was established. The rate of placement for fill above
elevation 867 was restricted to only 5 feet of compacted fill in a 7-day
period and no more than two lifts of fill in any 24-hour period. The
embankment was topped out in September 1984.

d. Spillway. The 200-foot wide spillway located on the left abutment
has a crest elevation 911.3 which is 2.3-feet above full pool and has a
predicted use of once in 200 years. The left abutment location was selected
in lieu of the right abutment due to the reduced amount of required
excavation. The contractor began excavating the spillway after making
diversion. The entire 550-foot length of spillway excavation was ovwrburden
consisting of :elatively high liqu4d limit fat clay with a maximum depth of
14 feet and IV on 6H side slopes. The contractor utilized the excavated
overburden as road fill, berm or random fill. The spillway was over excavated
9 inches and brought back to grade with topsoil.
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e. Service ride. The service bridge as shown on Plates 33 and 34
was constructed when the embankment fill reached elevation 899 (bridge deck
elevation). As the fill placement progressed, the embankment began moving
outward causing the service bridge expansion joints to close. Photo 63 shows
a closed expansion joint and the tilted rocker. Daily monitoring of the
service bridge expansion joints began in early September 1984. The moveent
averaged about .05-inches per day until there was concrete to concrete contact
at all three expansion joints. This movement began spalling the concrete at
the bridge abutment expansion joint. The joints were not repaired rntil the
Spring 1990. A separate contract was awarded to restore the expansion joints
at the abutment and the pier. Plate 34A shows the service bridge after the
expansion joint repair.

f. Cla Blanket A clay blanket was placed on the right abutment as
shown on Plate 30. The clay blanket was placed between elevations 848 and 898
to control seepage thru the Bethany Falls and the WinterseL limestone. To
utilize excess rock from the required excavations, rockfill was placed against
the bedrock formations below elevation 848. Rockfill was also used to protect
the upstream slope of the clay blanket (see Photo 47). Once the rockfill
sources were depleted, the contract was modified (modification 26) to require
9-inch bedding and 18-inch riprap be placed between elevation 884 to 898 on
the remaining face of the clay blanket slope. The complete right abutment
clay blanket can be seen in Photo 72.

g. Stage 11 - Modifications. A total of 38 modifications were made to
Stage 11 contract. Only the following 16 pertained to the construction of the
embankment.

No. I Required that all material in the impervious stockpile be
reserved for use after closure.

No. 8 Provided payment for the rock excavation overrun.

No. 10 Required the repair of flood damage which occurred June 28,
1983 when heavy rains caused the Little Blue River to
overtop the partially completed Phase I cofferdam, and
flood the old river channel.

No. 11 Required the construction of a concrete headwall at the
west end of the grouted riprap drainage ditch adjacent to
service road "C".

No. 12 Required the area of the embankment between station 91+00
and 93+50 (downstream of the centerline which had been
excavated to remove debris and low strength material from
the old slough) be backfilled with gravelly random material
to approximately natural ground prior to placing the
pervious blanket.

No. 13 Required: The open tube piezometers PPE 99-13, PPE 97-13,
PPE 97-14, PPE 99-10, PPE 89-2, PPE 89-3, PPE 93-IOA and
inclinometers 1-97-1, and 1-99-2 be extended thru the
embankment; PPE 93-4 be changed from a pneumatic piezometer
to an open tube piezometer; the location of PPE 93-4A be
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changed from station 93+00 RO+40U to station 93+00 R 2+30U;
the construction of tubing ditches and the extention of
tubing for 11 pneumatic piezometers; the extensions for PPE
90-1, PPE 90-2, and PPE 93-10 be deleted; and steel
protective casing be installed for 9 new piezometers.

No. 14 Changed the downstream "V" grouted gutter to a 4-foot wide
flat bottom grouted toe gutter between station 87+00 and
91+00.

No. 17 Required the borrow areas below elevation 891 be cleared
completely except for the area west of Raytown Road and
south of Pittenger Road; and the small area located
southeast of the river immediately east of Raytown Road be
cleared only to the extent necessary to obtain material.

No. 20 Provided four lean concrete cutoff walls across the 4-foot
flat bottom toe gutter on the right abutment.

No. 22 Required: the extension of piezometers PPE 92-1, PPE 95-1,
and PPE 97-16 thru the embankment and the installation of
steel protective casing for each; the construction of
tubing ditches and the installation of tubing for
piezometers PPE 97-17, PPE 98-1, PPE 99-17, PPE 99-16.

No. 23 Provided payment for foundation clean up overrun.

No. 25 Required the following changes on the instrumenti ion
monuments: changed concrete compression strength from

4000 psi to 5000 psi in 28 days; changed surface sealer

from 2-inch thickness of black roofing cement to 1-inch
thickness of Dow Corning 100% Silcon Rubber 795

Construction Sealant; changed rebar from 2-#4 rebars and
,-#8 rebars to 6-#4 vertical rebars equally spaced and #3

rebar circumferential horizontal ties on 8-inch centers.

No. 26 Required 9-inch bedding and 18-inch riprap be placed on the

face of the impervious clay blanket above elevation 884.

No. 29 Required the repair of flood damage that occurred in May
1983 when rains caused the Little Blue River to overflow

its banks and damage the pervious zone between stations

91+00 and 93+50.

No. 30 Provide compensation for grouted riprap overrun.

No. 32 Deleted the requirements toe gutter to elevation 887+

on the upstream side of t. dam near the left abutment and
other minor changes.

8-05. Embankment Materials Inspection and Testing. An Excavation,

Embankment, and Grouting Manual and a Field and Laboratory Testing Manual were

prepared for both stages. These manuals were based on the plans and
specifications and were intended as a technical guide t- the Government
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Inspectors and the Resident Engineer. They provided a means to better monitor
the contractors work and included instructions pertaining to inspection
requirements. The embankment manual also served to further explain the intent
of the specification to the field inspectors. The Government inspection staff
was present to witness all pertinent operation procedures and to conduct field
tests. Design engineering personnel made periodic inspections, particularly
during critical operations such as initial excavations, exposure of foundation
surfaces, initial fill placement, diversion, and instrumentation installation.

a. Field Control Tests. Field control tests were performed to monitor
moi-ture content, gradation, compacted density, and classification of fill
material to ensure the specification requirements were satisfied. These tests
were performed by the Government after the fill was compacted. The contractor
was responsible for all sampling and testing to assure that materials met
specified requirements prior to compaction. Monthly summaries of the field
control tests were sent through Construction Division to Engineering Division
and reported to MRD. Tests were performed on all material types.

(1) Impervious, Random and Berm. The field control testing for
the impervious, random and berm zones consisted primarily of liquid limit and
field compaction determinations. The sand cone method was used for
determining the compacted density. The maximum density and optimum water
ctent were determined in accordance with EM 1110-2-1906, Appendix V!,
Standard Compaction Tests. A family of compaction curves was developed for
each material source. Subsequent field tests then relied on a one-point
compaction test to determine which compaction curve was appropriate. Although
no fill density was specified, it was required that the fill be compacted to a
minimum of 95 percent of that obtained from the standard effort compaction
test. Experience had indicated that the specified moisture content and number
or roller passes would achieve these densities. If the desired compaction was
not achieved additional rolling was required. Due to the previously discussed
problems with liquid limits on this project, liquid limits were performed on
all field control samples to check compliance of the material in the various
zones. If Government tests showed noncompliance with the specifications it
was the contractor's responsibility to do additional testing to define limits
of the "out of spec" area and to remove and replace it. The area was then
rechecked by the Government.

(2) Pervious. The pervious field control testing consisted of a
combination of gradation testing and in place relative density determinations.
The relative density value represents a density ratio defined as the extent
compaction has progressed from the loosest state toward the densest state.
The minimum density was determined by placing the material dry in its loosest
practical state. The maximum density was then found by vibrating the sample
at a given frequency for a set time period. The detailed procedure was
presented in EM 1110-2-1906 (10 May 1965).

b. Record Control Tests. Record control samples were obtained
periodically from the impervious, random and berm zones. They served the
purpose of checking the physical properties of the materials actually used in
the dam against those properties assumed for design. Schedules of the record
control sample locations and testing are shown on Plates 50 and 51
respectively. Most of the record control samples consisted of one sack and
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one hand trimmed undisturbed sample 6-inches in diameter by 6-inches long
(Photo 12). These samples were sent to the Missouri River Division
laboratories for testing. This testing included compaction, Atterberg limits,
gradations including hydrometer, moisture content, density, and shear strength
determinations. Summaries of these test results are provided on Plates 52
through 85. While the actual test results are provided on half-size plates as
Supplement A. The inspection staff performed standard field control tests at
each record control test location. The duplication of testing by the Division
laboratory and the field laboratory served to check the accuracy of the field
results. A comparison between laboratories can be made by reviewing the
compaction test summaries presented on Plates 79 through 85. There were some
substantial variations between the laboratories in-place moisture content,
compacted density, optimum moisture content and maximum dry density values.
The majority of these variations are probably due to minor material changes
and slightly different laboratory procedures or equipment. There is, however,
a very interesting consistent variation between the laboratories' optimum
moisture content results. As shown on Plates 80 and 84, the field
laboratory's optimum moisture content was consistently higher than the
Division laboratory's results. All of the embankment material was placed
within the specified compaction requirements based on the field laboratory's

standard Proctor compaction test results (95 percent maximum dry density at a
moisture content between 2 percent below and 3 percent above optimum).
According to the graphs on Plates 82 and 85, 26 percent of the Stage I field
tests and 20 percent of the Stage II field test were outside the specified
moisture range based on the field laboratory's standard Proctor test results.
All of this material was supposedly removed or reworked to meet the
specifications. However, these plates also show that 54 percent of the Stage
I record control tests and 14 percent of the Stage II record control tests

were outside the required moisture range based on the Missouri River Division
laboratory's standard Proctor test results. The Division laboratory results

are believed to be accurate and indicate some of the embankment material may
have been placed 3 to 6 percent above optimum moisture which could have
contributed to the high embankment pore pressure that developed during

construction.
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CHAPTER 9

OPERATIONAL NOTES

9-01. Embankment.

a. Upstream Slope. During initial filling some erosion and
undercutting of the riprap occurred on the 1 on 4 slope of the conduit
section. Overall, the 18-inch riprap has held up relatively well with only
some minor breakdown along the waterline at multipurpose pool elevation.
During the high pool in October 1986 as shown in Photo 70, the water was near
the top of the lower riprap (elevation 898). Wave action displaced the riprap
leaving the bedding exposed between stations 89+00 and 92+00. In August 1989,
this 300 foot section was repaired with the same Bethany Falls limestone that
was used for the emergency rock stockpiles. During the May 1990 record pool
(elevation 897.2) no damage was caused to the lower riprap or grassed slopes
because the pool rose and fell rapidly.

b. Crest. The crest road remains in good condition except for some
longitudinal cracking along the downstream shoulder caused by lack of lateral
support along the pavement edge. Shortly after construction, the upstream
edge of the road near the right abutment grouted gutter ravelled back past the
guard rail. In 1989, the edge of the road had to be repaired to prevent any
undermining of the grouted gutter. After completion of the embankment, a low
area in the dike on the left abutment at approximately station 104+00 was
noted. This low area was approximately elevation 925.2, 1.4 feet below the
design elevation of 926.6. During the spring 1990, this low area was filled
and brought up to the design elevation.

c. Downstream Slope. Since completion of the embankment, the grass
cover has become established with only a few sparse areas remaining (Photo
74). There are several areas along the upper interceptor ditch which do not
drain properly, causing overtopping of the ditch and the formations of erosion
gullies. The lower interceptor ditch at the entrance to the left abutment
grouted gutter is too low causing water to pond in the interceptor ditch.
This area and a few other areas along both the upper and lower interceptor
ditches have been filled to provide proper drainage. Shortly after
construction, erosion control fabric was installed in the toe ditch as shown
in Photo 60. Since then some silting of the ditch has occurred due to runoff
from the embankment and Foreman Road. After initial filling, the sand blanket
between station 91+00 and 95+50 began to seep more than initially expected.
This is believed to be caused by abutment seepage. See the paragraph below.
During construction, the bedding Lovering the sand blanket was contaminated
with fines washing down the slope prior to establishing grass cover. The
contractor only removed and replaced the upper 6-inches of bedding material.
In 1987, drains (6-inch perforated pipe) were installed through the bedding in
order to reduce the head of water exiting the sand blanket. This drain
installation can be seen in Photos 65 and 66. Although all drains flow, this
had no effect on the piezometer level in the sand blanket. Flow from the
drains and excess seepage have caused a maintenance problem in this area. The
installation f a french drain between the sand blanket and the toe ditch has
been recommended to monitor the seepage and alleviate the maintenance problem.
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d. Abutments. Since initial filling high piezometric levels have
existed in the right abutment bedrock upstream and downstream of the grout
curtain. The pressurized zones appeared to be limited to the Pleasanton Zone
A, 3, and Middle Creek limestone/Bushpuckney shale. The seepage is probably

* making its way through the grout curtain, however, with the Pleasanton Zones A
and B in direct contact with the upstream rockfill zone, the seepage could
also be coming around the end of the grout curtain. The seepage in any case
is being intercepted by the sand blanket which extends up the abutment slope.
It appears the sand blanket is adequately controlling the seepage and no other
problems have developed due to those high pressures. (See previous discussion
in Chapter 7.) Since completion of the dam, numerous seeps from the Winterset
limestone along the right abutment have caused wet areas on the impervious
clay blanket. Although this is not a dam safety concern it became a
maintenance problem. In 1987, a french drain was installed to dry up the area
(Photo 67). However, the french drain did not extend into the draw far enough
and does not intercept all of the drainage. Therefore, some wet areas in the
impervious blanket still exist. The downstream right abutment grouted gutter
has held up well since end of construction because it was constructed with
concrete cutoff walls every 50 feet. These cutoff walls were added as a
modification during construction which widen the gutter to intercept a natural
draw coming down the right abutment. The downstream left abutment grouted
gutter was not constructed with cutoff walls and consequently began
undermining. In September 1989, concrete head walls were constructed on the
left and right abutment grouted gutter where the interceptor ditches flow into
the grouted gutters. Also, concrete cutoff walls were installed about every
75 feet along the left abutment grouted gutter to prevent the undermining.

9-02. Emergency Rock Stockpile. The construction of two emergency rock

stockpiles were completed in March 1990, on both abutments. Photo 75 shows
the completed left abutment emergency rock stockpile. The stockpiles consist
of 8,084 tons of Type "A" rock 1,826 tons on the left abutment and 6,259 tons
on the right abutment, and 3,231 tones of Type "B" rock, 747 tons on the left
abutment and 2,484 tons on the right abutment. Rock for the stockpiles was
produced from the 16-foot ledge of Bethany Falls limestone in Carefree
Quarries on the northeast corner of the intersection of Highway 291 and
Kentucky Road in Sugar Creek, Missouri. Listed below is the specified rock
gradations:
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TIY
I

TyPe "A" (Kiprap)

Specified Percent

of WeiLht Lighter Than

760# 100
570# 75-95
19O# 30-50

550 0-2

Type "" (Bedding)

Sieve Specified Percent

Sise By Weight Passing

6" 100
4" 82-95
2" 62-83
1" 32-64

3/8" 0-20

N v-9-3



7 r

ENCLOSUMS



ENCLOSURE I

LONGVIEW DAM
ANALYSIS OF STAGE I EMBANKMENT

TABLE OF CONTENTS

Abstract Page

I. Introduction i

II. Embankment Pore Pressure, End-of-Construction 1

III. Field Geotechnical Investigation 6

IV. Laboratory Testing 10

V. Analysis of Instrumentation Data 11
A. Embankment Pore Pressure Measurements 11
B. Inclinometers 13

VI. Stability Analysis 13

VII. Conclusions and Recommendations 14

TABLES

Table No. Description

I. Listing ot Instrumentation 2



I. Introduction

1. The purpose of this report is to present the results ot a geotechnical

investigation of the Longview Stage I embankment. At the completion of
embankment construction, high pore pressures were known to exist in the lower
part of the embankment. However, when overflowing water levels and quick
recoveries following pumping were found in the protective casing of several

devices an investigation was undertaken to determine the extent of the high
pore pressures and the adequacy, including stability, of the embankment.

2. Longview Dam is constructed on the Little Blue River in southeast Kansas
City, Missouri. The dam, an earthfill zoned embankment, was built in two
stages. The Stage I contract, completed in the fall of 1982 (see Photos 32
and 33), consisted of foundation excavation and preparation including
grouting; construction of the intake tower, conduit, relocated sewer, and
stilling basin; excavation of the outlet channel; and placement of a portion
of the embankment on both sides of the river. Stage I includes diversion and
closure, and completion of the embankment.

3. The Stage I contract began in late summer of 1979 with the outlet works
excavation. The right embankment and cutoff trench were completed during the
1980 construction season. By fall of 1980 the outlet works conduit was
completed which enabled placement of impervious backfill upstream of center-
line. In the spring of 1981, the outlet works backfill downstream of

centerline began. Sewer diversion through the conduit took place in July and
was followed by excavation and removal of the old sewer line and backfill of
the excavation. Heavy rainfall throughout the spring and summer delayed work,
but the fill had been raised above the nduit, El. 822+, by the end of
August. By mid-November the downstream embankment was topped out to El. 867
and the upstream cofferdam to El. 870. The finished height of the Stage I
cofferdam was reduced from El. 887 because of a shortage of impervious borrow

for the Stage I contract.

II. Embankment Pore Pressures, End-of-Construction

4. During the Stage I construction period, 19 pore pressure devices were
installed in the left embankment and foundation area (see table 1). Five of
these, PPE97-1, PPE97-6, PPE99-2, PPE99-5, and PPE99-6, whose tips were
located in the embankment clay showed pore pressure responses of 78, 68, 53,
13, and 56 percent, respectively, following the embankment construction in
October 1981. PPE99-5 is located near the inclined sand drain which probably
accounts for its lower response. It was concluded at the time (fall of 1981)
that _even though the responses were 50 percent and above, the tips were
located within the backfill of the excavations and these pressures did not
extend into the upper part of the embankment where they might contribute to
slope instability. Pore pressures in the overburden and foundation shale were
low or nonexistent, with one exception. PPF99-4 showed about 50 percent
response. Its tip was located deep in the foundation shale and did not

influence stability.

5. In January 1982, ice was observed at the top of the protective casing
around PPE99-2. This was concluded to be either communication between the
riser and the protective casing (since at that time the water level in the
riser was higher than in the protective casing) or that water could have
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entered the casing by a number of external sourceb such as rainfall, or by
someone inadvertently or deliberately pouring water down the casing.

6. To determine the source ot this water and to obtain additional undisturbed
record control samples, PPF99-7, an open tube device, was installed in early
January 1982 in the foundation overburden/foundation shale contact 10 feet
downstream from PPE99-2. By the end of the month, water had filled the casing
of PPF99-7. On this basis, it was concluded the water was coming from unknown
external sources and not from the fill itself. Communication between the
riser and the casing was not likely since the water level in the riser was
45 feet lower than in the casing. In addition, water had not been observed in
the casings on other KCD projects unless the riser had overflowed. It was
believed that the casing with slip joint couplings supplied with "0" rings
would be watertight. In addition, it was not believed possible that pore
water in an impervious fill could accumulate that fast in the casing when the
usual experience is that a large amount of water must be added to open tube
devices to bring them to equilibrium.

7. By fall of 1982 the devices began showing varying degrees of dissipation
of pore pressure. However, in September 1982 in preparation for winter, the
water levels in the casings of PPE99-2 and PPF99-7 were lowered as much as
10 feet to prevent freezing, but one week later the water had recharged to its
original level in PPE99-2 and had recharged halfway in PPE99-7. In addition
gas bubbles were being released from the casing water of PPE99-2. There was
no known external source of water. It appeared that the protective casings
and the rise:s were acting as separate measuring devices. The protective
casings were apparently registering higher pore pressures at points higher in
the embankment, possibly near the mid-height. These pressure levels
apparently exceeded 50 percent response.

8. An extensive investigation was undertaken to determine: 1) the extent and
magnitude of pore pressure levels in the embankment, and 2) the source of
apparently excess water in the impervious zone of the embankment.

III. Field Geotechnical Invescigation

9. Starting on 25 October 1982, twelve open tube pore pressure devices were
installed at various locations and depths in the left embankment between
station 97+00 and station 101+00 to determine if a zone of high pore pressure
did exist near the mid-height of the fill and if it did, to define its limits.
All instrumentation holes were continuously sampled with a 5-inch Hvorsley
Shelby tube sampler. Since it was suspected that use of drilling fluid may
have caused hydraulic fracturing of the fill at PPF99-7, all succeeding holes
were cleaned after each push with a 6-inch box auger and no drilling fluid was
used. Some squeezing of the hole occurred after the holes had been advanced
to about 30 feet. (This was also about the same depth water was encountered
in several of the holes.) In taking the undisturbed sample the driller lowered
the Hvorsley sampler usually until a slight seating resistance was encountered
(normally .2 to .3 feet above the clean-out depth). This allowed space for
any material reamed from the hole sides by the sampler. Inspection of the
samples (some were sliced thin and air dried) did reveal a few cases of
disturbance at the top of the sample which may have been caused by seating or
heaving of the hole. Generally the quality of the undisturbed samples was
excellent.

Encl I
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( 10. Drilling started with hole PPE99-8, located About 11 feet from PPF99-7.
Free water was encountered while it was being drilled. Thirty-five minutes
after drilling was completed, the hole had 9 feet of water in it. There was
concern the fill was cracked or had been hydraulically fractured from the
earl:ir us of drilling fluid in hole PPF99-7.

1I. To investigate the lateral extent of these fractured zones dye was added
to piezometers PPE99-8 and to subsequently drilled PPE97-13 on 3, 4, and
5 November. Drilling began on PPE99-li located 5 feet from PFE99-8 on 7
November 1982. Free water was encountered in drilling this hole, however no
dye was fouhd, either in the water or in the undisturbed samples. When the
water was bailed to the bottom of .he hole, water levels in adjacent devices
PPE99-8 and PPE99-2 were affected. The casing water level in PPE99-2 (about
6 feet from PPE99-11) dropped 3.1 feet and the riser water level in PPE99-8
dropped 8 feet. PPE97-15, located 5-1/2 feet from PPE97-13, was drilled on
6 November. No free water or dye was encountered. No trace of dye was found
in any of the undisturbed samples.

12. In addition, after adding water to the top of the riser in PPE99-8
shortly after installation, the water was observed surging up and flowing out
the riser. This phenomenon was not understood at the time, however it was
speculated this could have been sudden movement (shearing) of the fill or
could possibly be associated with the escape of gas from the riser since the
fluid was very "bubbly." Gas bubbles were observed escaping from several of
the devices. There was also speculation the fill might contain a Chear zone
or cracks from differential settlement over the conduit and the adjacent
alluvium, but it was still considered more likely that this areo of the fill
had been hydraulically fractured. There was also ccncern that the gas was an
indication of organic material in the iill.

13. The undisturbed samples from all holes were closely examined to determine
if shear surfaces, cracks, free water, or organic material could be found.
The samples usually had a tendency to break on both smooth horizontcl planes
(see Photo 27) and on more irregular surfaces which had a raindrop-type
texture (see Photo 28), as if they had been wet at one time However, no free
water wa. found, except from one sample from hole PPE99-14, El. 835.3, where a
slight indication of free water was found, and from one sample from PPE97-13,
El. 839.3, which appeared even wetter. More samples were examined from other
holes and these planes were found in most samples examined except to perhaps a
lesser extent In those from near the ground surface. Some of the planes could
be lift ourfaces, however close spacing and orientation precluded others from
ue ng lift planes. dost of the planes did not give any indication that free
*ito 1c treveled ovr their surfaces. The planes often seemed to be coated
with silt -: -ppeared to be a silt parting. No organic material was found in
any of the saoples. A high angle fracture was found in sample 8 from PPE97-
14, depth 40.0' to 40.5'1 El. 829.2-829.7. This fracture did not extend to
any ,iJcent holes and may have been causes by drilling and sampling
procedures.

14. Two inclinometers in addition to 1-99-1 (previously installed in January
c' 1982 on the downstream slope) were installed to determine if any
significant slope movement was taking place on the temporary IV on 3H and IV
on 3.5H slopes parallel to the river. To date, these devices have not shown
any indication of significant movement.

Encl
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15. The open tube devices with tip- below a depth of about 30 feet began

showing water levels either close to the top of the riser or began
overflowing. In several installations (PPE99-9, PPS99-10, PPE99-11, PPE99-13,
PPE99-14, and PPE99-15) the tip was installed dry. No water was added to
bring the device to equilibrium. Yet, the water level in the riser rose
typically 1 to 2 feet per uay. PE99-13 rose at a rate of about 9 feet per
day. As noted previously, this is contrary to behavior observed previously at
KCD projects. Those which overflowed, PPE97-14 PPE19-9, PPE99-I0, and PPE99-
13, were equipped with pressure gauges and air eliminatoc valves. The
pressure began approaching and in some cases exceeded previously monitored
pore pressures in the lower portion of the embankment. However, the air
eliminator valves were later found not to be effective in completsly removing
gas from the devices. It was later concluded the readings were higher than
the actual pore pressures since gas partially displaced the water in the
riser.

16. The right embankment area was originally instrumented with only one
piezometer located in the foundation gravels. When these higher pore
pressures were found on the left embankment, three pore pressure devices were
4nstalled in November 1982. Their tips were located in the foundation
overburden, the random fill zone, and the berm fill zone. The berm shows no
evidence of pore pressure. Pore pressure response in the random zone was
30 percent, while the response in the foundation was 25 percent.

17. In order to be sure the embankment was suitable and in fact stable, it was
considered prudent to auger two large diameter (38-inch) holes to allow
detailed inspection of the fill (see Photo 26). The locations were selected
at station 98+00, range 143 u/s and at centerline near the edge of the
intersection of the IV on 3H and IV on 3.5H slopes. This was considered the
most likely location for differential settlement cracks or .or a shear zone
associated with slope instability to appear. Holes OH-i and OH-2 (see Plate
49) were drilled in ten foot increments to depths of 45 and 47 feet, El. 825
and El. 820 respective]y. Temporary casing was installed to allow personnel
to safely enter for inspection and sampling (both lars and hydraulically
jacked 5-feet diameter undisturbed samples were taken).

18. In OR-I, water seeps were observed at 22 feet, El. 848 (see Photos 29 and
30); 24 feet, El. 646; and 34 feet, El. 836 (see Photo 31). Gas bubbles were
observed forming on some of the wet surfaces. At a depth of 32 feet the air
in th auger hole contained 10 percent combustible gas according to
measurements from a portable gas "sniffer." Although the quantity of water
coming from the seeps was not large e-ough to collect, after about a week the
sidewalls had become wet below the seep areas. Concentric cracking also had
developed and these cracks had free water on the surfaces.

19. The second hole, OH-2, was drilled on the centerline to determine if any
fracturing extended through the central impervious core of the dam. Water was
encountered only at 23 feet, El. 844. A thin, very silty lean clay zone was
encountered at 37.3 feet, El. 829.7. The rest of the embankment material seem
to be well placed and well compacted with only the usual material color
changes taking place along with minor variationa in stiffnes3. The planes or
fractures were not as evident as they had been in the undisturbed Shelby tube
samples. It appeared some planes on the side wall and in the cuttings
(similar to oncs previously observed) were in fact caused by mechanical

Enc I
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shearing from the aupro It is considered likely that many of planes observed
in the undisturbed samples were caused by mechanical shearing from
construction equipment (e.s. scraper pan, motor patrol blade, or pumping
action from heavily loaded scraper tire&), or could be related In some way to
the drilling and sampling procedures. Similar planes were observed at blue
Springs Dm following stripping operations performed with scrapers. These
planes were of limited extent (equipment width) and tended to dip only
slightly from horizontal and in the direction of equipment movement. They
appeared to have been caused by shearing action of the scraper pan. Their
length was relatively short, generally 5 feet or less.

20. Gas samples were collected from the open tube devices after the
observation of Sas in the instrumentation risers and casing and after
combustible gas was detected in the auger hole. Initial attempts were made
with a smell neoprene balloon. A local commercial lab analyzed the gas as a
"50 percent methane/50 percent air" mixture. (See Enclosure 2.) Since no
organic material other than undecomposed small roots was found in any drill
hole the source of the methane was unexplained. The flammability of the gas
in all the open tubes which had pressure gauges was checked by holding the air
release valve open. In all cases where a quantity of gas had built up, the
gas could be ignited (see Photo 34). Taking care to avoid dilution or
contamination, two additional gas samples were taken in stainless steel
"bombs" and analyzed by the Environmental Lab at the Waterways Experiment
Station. These were taken from PPE99-9 and PPE99-10. Both have tips located
in the impervious embankment, but PPE99-10 is isolated by the sand blanket
from other suspected sources of gas 8uci. as 'he abutment, the foundation, and
the relocated sewer. It is also isolated frt the impervious core and
upstream fill by the inclined sand drain.

21. Results of the WES tests on samples from both locations show the content
of methane (percentage by volume) varies from 65 to 70 percent and that of
carbon dioxide varies from 16 to 20 percent. An aerobic decomposition of
organic material normally results in a lower methane content and a much higher
carbon dioxide content than was found in the samples. The gas analysis showed
that the fill was not producing methane as a result of decomposition of
organic material. The results of the gas tests are provided as Enclosure 2.
Analysis of water samples from the devices showed no indication of treated
water or sewage. The results from the water analysis are provided in
Enclosure 3. It was initially hypothesized that the gas was present in the
soil voids in the low lying borrow deposit, either as a result of underlying
gas fields or overflow of sewerage. It is difficult to believe the gas could
escape from the foundation or the sewer, pass through the pervious zone and
into the impervious fI I, considering the high pore pressures prestnt in the
latter as opposed to no excess pressures in the former. However, if enough
capillary tension existed in the sand fill it may be possible for the gas to
pass through the pervious zone.

22. In addition to dye injection, pump tests were conducted at two of the
installations (PPE97-15 and PPE99-11) which were installed with 2-inch
diameter PVC risers and a 15-foot section of 2-inch slotted well screen. Each
were located adjacent to piezometers to provide monitoring of drawdown.
Initial rump testing drew the water level down only 12 feet, the drawdown
being limited by the pump suction. This had no discernible effect on adjacent
devices. Subsequent "pump testing" was actually done by bailing rather than

Encl 1
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pumping in order to draw the water surface down farther. Pumping PPE97-15
affected the water level only in PPE97-13 (5.5 feet away). It did not affect
PPE97-12 (7 feet away), and PPE97-14 at (8 feet away). Pum ing PPE99-1I
immediately affected the water level in PPE99-8 (5.0 feet avay) and the casing
water level of PME99-2 (6.5 feet away). Casing and tip water levels in PPE99-

7 (approximately 17 'eet away) were not affected. This data and data from the
dye injection indicate some fractures or cracks do exist over at least limited
areas and may be capable of transmitting water only short distances, say less
than about 10 feet.

23. Coefficients of permeability were determined. Using the results of dye
injection, field falling head permeability tests conducted in conjunction with
the dye injection, and recharge data from pump 3tests. Dye injection showed a

seepage velocity of .0019 cm/sec or a k of 10- cm/seg. Falling head
permeability data yield a k-n the oider of about 10 to 10- ; recharge data
shows a range from about 10 to 10 . These permeability values are also
consistent with the rather rapid rise of the water level in several of the
installations at station 99+00. It is difficult to believe this quantity of
water could flow at this rate (about .5 gallons per day) from a compacted
"impervious" 'ill. It can only be theorized that the presence of fractures or
cracks increase the area of the drainage boundary. This allows faster
collection of water produced from consolidation or pore pressure dissipation
in the area surrounding the borings. Since the induced construction pore
pressures obvious3y have only dissipated slightly these numbers can be
indicative of only localized areas

IV. Laboratory Testing

24. The laboratory investigation consisted of classification testing of both
jar and undisturbed samples; and strength aad permeability testing of
undisturbed samples. Jar samples were obtained both during the installation
of instrumentation and from the side walls of the two large diameter auger
holes. Undisturbed samples along with sack samples were obtained for record
control testing during construction. Additional undisturbed samples were
obtained from push samples taken both during the installation of
instrumentation and from the side walls of the two large diameter auger holes.
Testing was also done on a sack sample taken from a small seep area located on
the IV on 3.5H slope of the left embankment.

25. Water content, Atterberg limits, and/or mechanical analysis tests were
performed on representative jar samples. Specifications for the left
embankment between station 97+00 and station 101+00 required a liquid limit of
less than 55 and a moisture content between 2 percent below and 3 percent
above the standard Proctor optimum moisture content. Very few of the liquid
limit results exceeded the liquid limit requirement. A review of the field
compaction data compiled as the embankment was constructed indicates a mean
moisture content of 1.2 percent abcte optimum with a standard deviation of
+ 1.4 percent. (See also paragraph 8-04.b. for discussion of moisture content
vs optimum water content.)

26. Testing of undisturbed samples consisted of unconsolidated-undrained
triaxial compression "Q" tests; consolidated-undrained (with pore pressure
measurement during shear) triaxial compression A tests, drained direct shear
"S" tests, and constant head permeability tests. The record control samples

Encl I
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taken during construction had "Q", "" and direct shear "S" tests run on each
sample. At the time of this report there had been a total 14 "Q", 20 "R",
15 "1" and 16 direct shear "S" tests performed on material from the left
embankment. The results of the "Q" tests confirm the design strength of
c - .9 tsf (see Plate 54). The effective stress "I" or "S" strength envelope
developed from record control and recent testing indicated strength parameters
of c - .15 tsf and tan 0 - .49. This compares with the design strength
envelope of c - 0.0, tan -= .50 shown on Plate 54.

27. Three horizontal constant head permeability tests were performed on
samples from OH-2 with the first sample being oriented with existing planes.
The two other tests were run on a silty lean clay material e countered deeper

in hole. The permeability of the first sample was 1.9 X 10 cm/seg while the
permeability of the two samples in the silty material was 2.2 X 10- and
2.6 X 10- ca/sec.

28. Moisture density tests were run on a sack &ample obtained from a seep
area on the IV on 3.5H slope at station 97+35, range 60' u/s, El. 848.
Triaxial "Q" and '" testing was done on samples remolded with a water content
of 3 percent above optimum. Results from the "Q" test were alightly below
design strength. Effective stress data from the "I" testing indicated a
strength above the design envelope.

V. Analysis of Instrumentation Data

A. Embankment Pore Pressure Measurements

29. The pore pressure in the devices installed in the embankment during
construction peaked shortly after the cessation of Stage I fill placement in
November 1981 and dissipated slowly until resumption of construction.
Pressure in PPE97-1, installed in the old sewer-excavation backfill, peaked at
3 level of almost 28 feet above the top of the embankment, El. 898, and
dissipated 10 feet. Pressure in PPE99-6, Installed near the foundation,
upstream of centerline and left of the conduit, rose to 6 feet above the fill
ind dissipated 3 feet. The water level in PPE99-2, the only open tube with
its tip installed in the fill, peaked at a level of 3 feet above the fill and
dissipated 16 feet.

30. The twelve additional open tube pore pressure devices, installed in the
left embankment area since October 1982 were all in the embankment impervious
zone. Two devices (PPE97-12, PPE99-12) installed in the upper 20-30 feet of
the fill showed no pore pressure. PPE97-13 (tip at about 30 feet) showed
about 30 percent response.

31. Three pore pressure devices stabilized with their water level within
about 10 feet or less below the top of the embankment. They include PPE99-8,
PPE99-11, PPE97-15. These devices had tips at elevations of about 821 to 832.
The remaining six devices (PPE97-14, PPE99-9, PPE99-10, PPE99-.13, PPE99-14,
and PPE99-15) had pore pressures in excess of 50 percent. All had tips in a
zone from about El. 823 to 833. All were equipped with pressure gauges and
air eliminator valves. Although these valves have been used successfully in
the pest on other KCD projects to cemove gas from piezometers they have not
worked well here. As long as the gas accumulated slowly and at relatively low
pressures, the air eliminator system worked. Hoblever, when gas accumulated

Encl 1
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rapidly and at higher pressures the valve did not release the gas and allowed
it to build up and cause an abnormally high gauge reading making the magnitude
of the pore pressure impossible to determine. When the gauges were removed a
mixture of both water and gas bubbles would overflow the riser. Some of these
bubbles were from Sas coming out of solution as the pressure was reduced.
However the earlier described phenomenon with the piezometer surging, then
overflowing had occurred prior to the installation of a gauge. It is believed
possible that gas was somehow trapped in the riser and had to develop a
certain volume or pressure before it would rise to the top. Evidently a
larger diameter riser (e.g. PPE99-11 and PPE97-15) allows gas that collects in
the riser to escape more easily with less effect on the water column. It
appears, therefore, that the column of water in the riser was not all water
but a mixture of water and highly concentrated trapped gas bubbles.

32. This was further evidenced when gauges were initially removed from PPE99-
9, PPE99-10, and PPE97-14, and a collector was fabricated to catch any
overflow from the risers. The collector allowed the monitoring of both the
amount of overflow and the fluctuation of the water level in the riser. The
devices do not overflow at a constant rate over any given period of time. As
an example, PPE99-10 overflowed 38 ounces between 14 February and 17 February.
By 18 February it had overflowed an additional 18 ounces. On 1 March, the
collector contained 99 ounces after just 4 days but the water level in the
riser had fallen to a depth of 29 feet. The next day, 2 March, the water
level had come up 10 feet to a depth of 19 feet. By 3 March it had come up an
additional 5.5 feet and was rising at a rate 1/4-foot per hour. It was
rechecked on 11 March and found that it had overflowed and was frozen.
Fluctuations of the water level in the other riser are not as extreme, but all
devices have shown fluctuations up to 2 feet within a few minutes.

33. The water level in the casings of PPE99-2, PPF99-7, PPF99-3, and PPF99-4
are also acting as separate devices. All water levels are slightly above the
top of the embankment. Both PPF99-3 and PPF99-4 casings have consistently
buhbled with escaping gas.

34. Based on the above data it is believed the pore pressure response in this
zone between El. 820+ to 830+ is probably on the order of 50 to 60 percent.

B. Inclinometers

35. Three inclinometers have been installed in the left embankment. 1-99-1,
installed in January 1982, is located on the downstream IV on 4H slope
adjacent to the river closure section. The maximum movement indicated has
been to 1/10-inch downstream and 4/10-inch riverward. Movement is toward the
river where the embankment slope is IV on 3.5H. 1-99-2 and 1-97-1 were
installed in November 1982 near the riverward slope of the embankment,
upstream of centerline. 1-99-2, on the IV on 3.5H slope, has indicated a
maximum movement of approximately 1/10-inch in the downstream direction and
essentially no movement toward the river. 1-97-1 has indicated a maximum
movement of approximately 1/10-inch both in the downstream direction and the
riverward direction.

Encl I
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VI. Slope Stability

36. Stability studies were made for the end-of-construction condition using
both total stress and effective stress methods. The computer program used was
STAU developed by the University of California at Berkeley which uses
Bishop's modified method of analysis and a circular failure surface. The
program contains a searching routine which varies both the center of the
circle and the radius of the circle until the minimum safety factor is found.
Critical minimum slides were checked by a hand analysis to verify the computer
safety factor. Pore pressure contours developed from measured induced
construction pore pressures were used for the effective stress analysis. The
shear strength for the soil was determined from record control testing and
from testing on undisturbed samples taken during the field investigations.
The total stress analysis used "Q" strength and the effective stress analysis
used drained "S" and undrained "I" strength with pore pressure measurements.

37. Two slope configurations have been studied on the left embankment:
(1) the IV on 3H slope along the closure area with the embankment at El. 871
which is the existing condition, and (2) the upstream IV on 4H slope in the
conduit section with the embankment completed to the construction halt, El.
890. Pore pressures used for this latter case were based on measured pore
pressures and the assumption that the additional embankment load would cause a
pore pressure responie of 50 percent. A 50 percent response is reasonable
based on previous KCD experience where pore pressure has been allowed to
dissipate after a construction halt. Generally the additional response should
be less after some dissipation (consolidation) has occurred.

38. Initial studies begun in December 1982 (with construction induced pore
pressures reflecting the highest pressure gauge readings) showed a minimum
safety factor of 1.47 for the temporary IV on 3H slope. Both a totai stress
and an effective str-ss analysis was conducted for the lV on 4H upstream slope
constructed to El. 890. The minimum safety factor for the effective stress
analysis was 1.23 while the minimum safety factor for the same slide for a
total stress analysis resulted in a safety factor of 2.1. Later it was
concluded the high pore pressures indicated by the pressure gauges were not
valid because of the influence of gas and further analyses were conducted with
the pore pressure contours believed to be more representative of actual
conditions. Ninimum safety factors for the 1V on 3H slope were found to be
1.8 and for the IV on 4H upstream slope were found to be 2.3 (compared with
the total stress safety factor of 2.1).

VII. Conclusions and Recommendations

39. Conclusions from the investigation are as follows:

a. Induced construction poce pressures in the left embankment ranged up
to about 75 percent in a zone within backfilled excavations, El. 810+. Above
this area, El. 820+ to 830+, pore pressure responses were about 50 to 60
percent. No pore pressures are present in the top 20+ feet of the fill. Pore
pressures induced in the foundation overburden and shale are generally low or
nonexistent.

b. Shear planes or other fractures or suriaces do not affect the

integrity of the embankment. These fractures or planes apparently are a major
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factor in the relatively fast response in iose of the open tube devices and in
the protective casings. However, all evience, (dye tests, pump tests, the
very existence of high pore pressure in the fill, and the conclusion that the
fracture* or planes were mechanically induced by construction equipment or in
sow cases by drilling and sampling procedures) suggests these planes, while
numerous, are of limited extent and are not continuous.

c. The gas sampled from the fill is not coming from decaying organic
material in the fill, or from the sewer in the conduit structure. The exact
source of the gas is unknown but may have been present in the soil as it case
from the low lying borrow deposit or may be coming from the foundation. The
presence of the gas makes it very difficult to determine the magnitude of the
pore pressure with open tube devices.

d. Incltnometers installed at the most critical locations indicate no
significant movement of any of the slopes.

e. Stability analyses show an adequate safety factor (1.8) for the
steepest existing slope and current pore pressure conditions. An adequate
safety factor (2.1 to 2.3) was also found for the embankment constructed to
the construction halt elevation.

f. In summary the embankment is found to be stable and is expected to

perform satisfactorily as a water retention structure.

40. As a result of the investigation the following recommendations were made:

a. Given the relatively high construction pore pressures close monitoring
of pore pressure and slope movement (inclinometers) should continue as the
Stage 11 embankment is constructed. In addition because of the presence of
fractures, continued close monitoring will be necessary during initial
reservoir filling.

b. To facilitate ease of construction (i.e. to reduce the number or
risers brought up with fill) and to resolve problems with the effect of gas on
measured pore pressures, small diameter pneumatic air cells should be
instalied at the tips of the 3/4-inch open tube risers.

c. Stability should be reanalyzed at the time of the construction halt.

Encl 1
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ENCLOSURE 2

LQI;GSTON LABORATORIES, INC.

Laboratory Rport

Date Received: December 8, 1982 Submitted by: U.S. Army Corps.of ngineers
Time Received: 10:30 am 700 Federal Building
Date Completed: Dece=- -r 15, 1982 Kansas City, MO 64110

Attn: Mr. Robert Di~itt
LLI Project No.: 82-9415

Sample Description: Balloon

Sample

identificarion Analysis Results

Gas in Balloon Methane approximately 50%

Air approximately 50%

Commirents:

Ao~roved:
Alan Kerschen
Laboratory Zirector

2005 West 103rd Terrace Leawood, KS 66206 9131341-7800 En 2
Page I of



DPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS Of ENGINEERS

P. 0. SOX 631
vVcKs5uRG. MssIss1P t 39160

18 January 1983
09Pt l,, TO

ATT9IT$oN Dirt

Environmental Laboratory

Mr. Robert Di=itt
USCE, Kansas Ci:y District
Room 816
700 Federal Building
601 E. 12th S:reet
Kansas City, MO 64106

Dear Hr. D~ie=::

The analysis of the gas samples taken at wells 99-9 and 99-10
are enclosed (enclosure). The analytical results shown are averages
of duplicate gas chromatographic runs.

The ratio of gases in the samples is not what has normally been
observed in gas mix:ure formed by anaerobic decomposition of organic
matter. Most decomposition gases would have less methane and greater
propor:on of carbon dioxide. This suggests gas is not forming in
the fill material itself. If there are any questions regarding the
analyses please conzac: Richard A. Shafer at FTS 542-3943.

Sincerely,

G. Ma!one, Ph.D.
Geologist
Water Supply & Waste
Treatment Group

EricI 2Page 2 nf 4



RESULTS OF GAS ANALYSES FROM
PIEZOMETERS AT LONGVIEW D401

Z By Volume

Sample Oxygen Nitrogen Methane Carbon Dioxide

99-9-1 0.24 13.4 69.3 16.5

99-9-2 0.20 13.0 66.5 19.5

99-10-1 1.46 17.0 65.0 16.0

99-10-2 6.04 32.0 51.0 10.0

Enci 2
Page I of 4



A X A EN DI X

Gas Sample collac-io"

Pertinant Data:

PPZ 99-9 PPME 99-10

, Station 99+00 Station 99+0a

Range 50' US Range 1'50' DS

Bottom of Role "..823' Bottom of Role El. 823'

Zone of sand backfill at tip 8.9' Zone of sand backfill at tip 10'

Installa:ion Date: 3 November 1982 Installation Date. 5 November 19S2

No water encou--ered during drillig. No water encou-tered during drill--g.

No water added ater backfill. Sand backfil!3 saturated with 4.0
gallons of water (initial water
level conver- to El. 831.3)

A water trap device was assemblie.to aid in obtaining gas sa=ples. The unit used

two pressure gages, one on the line leading from the piezomerer riser into the

water trap and the other attached to the water trap chamber. Four valves are

used to regulate flow through the device. One valve was loca:ed between the

riser and the water chamber, one between the water trap chamber and the sampling

tube, and two located at the bottom and top of chamber to aid in the filling

and de-airing of the chamber. The chamber was filled with water to minimize the

amount of air that would have to be chased out of the syste= to obtain a pure

sample.

The procedure used to 6bbaln gas samples is as follows:

I. If the pieome.er has been winterized, remove as much dLesel as pDssible.

2. Fill riser to the top with water.

3. Fill water trap with water removing as .much trapped air as possible.

4. Attach metal connect to open tube riser using teflon tape or other sealer.

5. Wi-.- all valves closed attach water trap to riser.

Encl 2
Page 4 of 4



ENCLOSURE 3
DEPARTMENT OF THE ARMY UR0 tab.No. -

MISSOURI RIVER DIVISION1, CORPS OF ENGINEERS

DIVISION LABORATORY 13 JAN 1983
OMAdA, NEBRASKA 68102

Subject: -e4- o: kakr

Project:
Intended Use:
Source of Material: -i". 4  ', .. .,"j"2

Submitted by:
Date Sampled: , Date Received:
Method of Test or Specification:_ A'14A St3i1;dod d FA e - _

References:

_ ..~.2 ) ..

Ths OR45 $on.Lds

A it 4A K l ro Me&I Oratkqe. aS S
.?A arbov4aJt. 242-3

ro4ak Prd-"4 az Ccz.Cc53 '

Caz~bo-act P-ar~k ~ As CseO
A)Dri- Cq&,r60eApLT 141,k~es as 6100,3B

I dhaS (J~ 3

Z'e* &,I~ .04i.q 3ca

?iqD FORM i 1 Enc 1 i
~w 73 EDITION oF FEB 67 IS OBSOLETE. Page 1o



DEPARTMENT OF THE ARMY M40 Lb. go.

MISSG'RI RIVER DIVIS'ION, CORPS OF ENGINEERS 13 JAN 1983
DIVISION LABORATORY

OMAHA, NEBR.'cKA 68102

*subject: 1 25- 0~ aV r

Project:
intended Use:
Source of Hattrial: 7O' Do -gt ,A

Submitted by:
nate Sampled: ADate Received:

Heihod of Test or Sp.e^ification: . A?.A -.5r es rd ...... .Cz

Re ferences:

-7,3

-Pis o 1 5 .../ 90.,
A,.0r 4 - (,.O" .g k,_ q441.

4rbOLL_ (aroa q& .

74a 4 o.;44 a4 C 3 c-

a C d ;.v.. O..a C 3 -7

PO+Ass U'vi (/K< 7

MAY 70 EOITICN OF F"8 67 IS OBSOLETE.

Enc.l 3
?age 2 of 5



DEPARTMENT OF THE ARMY MRD Lab. No. 74
(M MISSOURI RIVER DIVISiON, CORPS OF ENGINEERS 13 JAN 1983( Ol~~~DVISIONI LAbORATORY 13JN18

15.PMANA, NEBPRASKCA 68102

Subject: "T-e~4-0 oc  k ia r

Project:
Intended Use:
Source of Haterial: -'1 P X

Submitted by:

Date Sampled: Date Received:--

Method of Test or Specification: AM'I4A -Stopdord AAe-/r, rj-

References:

~i2~ -7-7_C~oP .... - 77

Th.soIA 5..0LZd

AI . u -ro Mt44q Ora _4- 04 CaCO(PIA .4 C 49(

_f4ibo nkr. d Co) c*,

o4 a/P In rd- muz /a4 Co-0 a0

A)ti03- 5304

i F rv I15 FEOnmdfl L.?

ll0 EITI &lws -own !-got PH are "Pi,?6Ssd i.5O&. pg mVlliof i

KAy 70 15EDITION OF FES 67 IS OBSOLETE. End l
Page 3 of 5



DEARTHE..T OF T.E ARMY Noe tb. n.
MISSOURI RIVER DIVISION, CORPS OF EGINEERS 13 JAN 1983

DIVISION LABORATORY
.. ANA, KESRASKA 68102 )

subject: .. T -. o..i / :r

Project:
Intended Us&:
Source of Material:

Submitted by:. .
Date Sample: Date Recaived:
Method of Test or S;-ification:- AF? A 5to'od a rd e P A 13

References:

'Pisovid.100(oS3 2- .

Al.iv, .4..¢ ,-' 0m ./ . i .

f...; MI. IaOr c003 5.50

A/eri* C4Car~, .T /a4dsgi~ as ______________

sda MI'.m. T vi'P-) -!2_ 23___ ___ 5_o_3

So,,(N4 ... . _ .. , /

Re ma4r .,

AD I 8 115
MAY 70 loITIex OF F70 61'1 I S OLETE.
Enc 3
Page 4 of 5



OH.N, NEBRASXA 68102

Project:

Intended Use:-

.. ...... RASK 68,02

Source of Material: -vaqq

Submitted by: I

Date Sampled: . Date Received:
Method of Test or Specification: AA Stcfidard Ne-! "

RefTerences:

ooD b81

, = o (/+c/0/0t as W:1C, -ro M w ra '4 o

...... r j1Q rdI e C 2a) .".7

a-o~dt&14rda #4~ a s 6A

Nc1~4~4Arak a4kD.~~a3 9?
.5C sc4) .... 73,

505.
kJ~~t') (03)

5ooNl.vi (z ,oo

016

fll t "tuS sAowri Weat" PH -Art ,Sg'aad 4u pUC rs;lliwi
KRO FORM 115-- Encl 3

MAY F 4 DITIO OF F~e 67 1 OBSOLE TE. Page 5 ol 5
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PHOOTOGRAPHS



C

Ci

1. March 1990. Overview of coppleted embankment from
downstream of right abutment.



r
I

~CONSTRUCTION EQUIPMENT

2. 1983. Two caterpillar D-9s loading Cat 631 scrapers 
in

upstream valley borrow area.

3C
3. 09 October 1981. Cat 5310 scraper.



4. 26 July 1983. Cat D-9H compacting haul road ramp with
tandem sheepsfoct roller Looking toward downstream right
abutment.

5. 10 July 1983. Compacting ippervious fill around sump in
cutoff trench with a "BARCO" gas powered compactor.



C

6. 06 July 1983. Spreader box mounted on a Cat D3 used for
placing the 6 foot wide pervious drain.

C 7. June 1980. Raygo "Rascal" 410-A 5 ton vibratory rollerused to compact pervious fill. ,Looking downstream in cutoff
trench.



C

8. 07 June 1983. "Wacker" DVU4001 small vibratory platecompactor used to compact pervious fill in restricted areas.

(I

9. 07 May 1981. Small 4 wheel "Wacker" vibratory roller.Attempts were made to use this roller to compact perviousaround conduit. Roller buried Atself frequently and could
not be used.



1. 4

10. 11 June 1981. Backhoe mounted vibratory plate used to
compact pervious fill along the right side of the conduit.

11. 18 September 1981. Wheel rolling upstream cutoff trench
contact with left abutment Sni- -Bar Limestone with Cat 920
front end loader.



C

12. 18 July 1983. Record control sample being taken.
STAGE I EMBANKMENT CONSTRUCTION

13. 05 March 1980. Looking west at slide on left side of
outlet works excavation. Slide occurred on 18 November 1979
between approximate outlet workp stations 55+00 and 57+J0.
Estimated volume approximately 39000 cubic yards.



14. 29 May 1980. Curtain grouting in cutoff trench.
Looking toward downstream left abutment.

15. July 1980. Removal of unacceptably wet impervious fill
material and excavation for placement of pervious on the
downstream side of the cutoff trench. Looking toward left
abutment from right abutment.



16. July 1980. Impervious and pervious fill placed in
cutoff trench against right abutment. Looking toward right
abutment.

17. 21 July 1980. Outlet workp ogee section and 45 degree
bend of twin sewer conduits. Looking downstream.



I

18. 14 August 1980. Stair stepped surface of heavily
fractured Middle Creek limestone of right abutment after
excavation and cleaning. Looking downstream.

19. 14 August 1980. Placement of dental concrete and slush
grout to seal the surface of Miodle Creek limestone of the
right abutment. Looking downstream.

"-I•



20. 21 October 1980. Overview of fill placement, conduit
construction, and left abutment cutoff trench from right
abutment.

21. 06 May 1981. Selective looding with rock rake of left
abutment Sni-A-Bar limestone to make rockfill.



Fv

22. 21 May 1981. Overview of conduit backfill, fill
placement, and right abutment from left abutment.

~b

"I

23. 21 July 1981. First lift of impervious fill being
placed over pervious on upstream side of bend in twin sewer
conduits at approximate outlet yiorks station 54+00. Looking
toward left abutment.



24. 18 September 1982. Left abutment and cutoff trench.

25. 21 October 1982. Downstrepm impervious stockpile.
L~ooking downstream of right abutment.



26. 16 November 1982. Stage I embankment investigation.
Lowering inspection casing into 30 inch diameter observation

hole (OH). Looking toward downstream right abutment.

27. November 1982. Sample showing typical smooth surface
texture, probably caused by pumping action of loaded scraper;

PPE-97-15, Depth 31-32 feet; Elevation 837.7 to 838.7.

N



(4%

28. November 1982. Sample showing typical raindrop-type

texture, probably mechanically induced from construction

equipment; PPE-97-15; Depth 29.0 to 30.8 feet; Elevation

838.9 to 840.7.

'S

C.

29. November 1982. First wet prea encountered in OH-l;

Depth 23 feet; Elevation 847.



30. November 1982. One foot above area in previous photo;
exposed boundary layer with the upper material moist and
seepage exiting from lower material; OH-I; Depth 22 feet;
Elevation 848.

31. November 1982. Wet area epcountered in OH-l; Depth 34
feet; Elevation 836.



32. 24 November 1982. End of Stage I construction. Aerial

view of construction from downstream of left abutment looking
southeast.

33. 24 November 1982. End of Stage I construction. Aerial

view of construction from downsrream of right abutment
looking southwest.



STAGE II EMBANKMENT CONSTRUCTION

(-

34. January 1983. Ignition of
gas from PPE99-9.

35. 10 June 1983. Impervious olanket against upstream right
abutment.



(

36. 17 June 1983. Completed outlet works and stilling

basin. Looking downstream.

37. 06 July 1983. Aerial view of embankment, cofferdam, and

closure section construction frpm downstream of right

abutment.



38. 06 July 1983. Aerial view of embankment and closure
section construction from upstream left abutment.

39. 09 July 1983. Cleanup of putoff trench and impervious
pl cement in closure section.



r

40. 12 July 1983. Pervious placed at downstream edge of
cutoff trench in closure section. Looking toward right
embankment.

41. 18 July 1983. View of closure section showing pervious
placement at downstream side of, cutoff trench and in old
river and diversion channels. Looking downstream.



42. 22 July 1983. Pervious blanket placed over old river
channel in closure section. Looking downstream.

43. September 1983. Clo~sure section embankment
construction. Looking toward dpwnstream right abutment from
left abutment.

p



44. 13 September 1983. Downstream right abutment.

4rr

45. 13 September 1983. Upstream right abutment.



'L 4- -" -"--- AM & k- '-... L

46. 26 October 1983. Fill placement in closure section.
Looking toward right abutment.

47. 24 May 1984. Rockfill in play blanket area on upstream
right abutment. Looking upstream.



48. May 1984. Aerial view of embankment after completion of
closure section fill placement. From above left abutment
looking toward right abutment.

49. May 1984. Aerial view of embankment looking upstream
from downstream of the right abutment. The east borrow is
visible in the center of the phpto and the west borrow is at
the upper right center.



50. May 1984. Aerial view of borrow areas from south of the
west borrow area looking north toward the east borrow area
and the embankment.

~~f 4A. V .

51. 16 July 1984. Upstream ano downstream random zone fill
placement. Looking toward right abutment.



52. 18 September 1984. Upstream slope before final grading.
Looking toward upstream left abutment.

53. 26 November 1984. Downstrpam left abutment grouted
gutter construction. Looking upstream.



4*--MON.'

54. 25 March 1985. Front end loaders placing riprap on
upstream face of embankment. Looking downstream.

55. 26 March 1985. Dressing or riprap adjacent to bridge
abutment using large backhoe.



56. 26 March 1985. Completed upstream slope protection.
Looking toward upstream right abutment.

57. 23 May 1985. Completed slppe protection at crest of
embankment. Looking toward left abutment.



58. September 1985. Completed upstream slope from tower
bridge. Looking toward upstream right abutment.

59. September 1985. Completed, downstream right abutment
from stilling basin parking lot.



60. 24 September 1985. Eight foot flat bottom toe ditch.
Looking toward stilling basin.

61. 24 September 1985. "Enka-pat" erosion control fabric
lined ditch above grouted gutter on downstream left abutment.



62. 05 March 1986. Downstream right 
abutment contact

showing cleared 
sewer line alignment 

at upper left.

63. 22 April 1986. 
Closed exppflsiof 

joifl and titdrcer

duA to movement of 
tower bridge abutment.



64. April 1986. Crown crack and leakage along left wall at
monolith joint between tower and conduit.

65. 19 May 1986. Installation of finger drains into
pervious blanket at embankment oe.



f

66. 19 May 1986. Compl ted finger drain installation at

embankment toe..

67. 10 July 1986. Completed french drain installed in

upstream right abutment clay blpnket to intercept seepage

from limestone.



f
I

68. 18 July 1986. Aerial view of completed embankment.

Looking upstream from downstream of the right abutment.

z; A -4 .

jA .,4

69. 19 September 1986. Upstream slope protection with pool

at multipurpose elevation 891. Looking toward upstream left

abutment from right abutment.



70. 04 October 1986. Upstream slope with pool at elevation
897. Looking toward right abutment from left abutment.

71. 07 April 1987. Left abutment slope protection with the
pool at multipurpose elevation 891.

9



72. 07 April 1987. Completed upstream right abutment clay

blanket area.

73. i9 September 1986. Downstream left abutment contact and

stilling basin.



Il

74. 07 April 1987. Completed downstream slope. Looking

toward downstream left abutment.

75. March 1990. Completed emergency rock stockpile on

downstream left abutment. Looking northwest.
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.59 SERIC ROA V2U-4

V-740 PE-90I
)7-CSIAU-55 -9- U?# PF-9-8 PPE99-

-9W-
gn_+W-~~ ~ ~ ~ /175 pv-30 pr

5 o -s - 4 3mrpPZC-912



3- ----------------

2I

~-l U-4?PZC-04 rTE currefi

AMC 4i9pf--

PZ-D OBERAIO9WL

PEPORE PRESSURE DEVICE IN EMBANKMIENT
PFPORE PRESSURE DEVICE IN FOUNDATION
PFPIEZOMETER IN FOUNDATION

I INCLINOMETENB

SERVI'CE ROAD C

NOTE'CORPS OF ENGINEERS
THE MAJORITY OF THESE BORINGS WERE FO KANSAS CITY. MISSURI
'NSTRUIIENTATION SAMPLES WERE TAKEN To-EUPPLEMENT THE RECORD CONTROL ItSTING LITTLE BLURIE-----OUR

WI wRE IL LONGVIEW LAKE
i , EMBANKMENT CRITERIAA

/ / __ 1AND PERFORMANCE REPORT
RtAC PLAN OF BORING SAMPLE/1 -. ~.- -LOCATIONS

I~~ ~ AS KSHOWN C~.

F C W AS HOW3 I RK!~ RBL- 3-144 9

SE-*---.2 1PLATE NO.49



LIQUID LIMIT 55 WIPMU wav ,ZONE LIQID LIMIT - 55 IMPERVIOUS ZONE

-1MI I STAIE X

ftC-35 924+65 0#06% 6066 RC-5301I 94+25 0 +50 '(, @15t

Kt-411 304-38 0+16% 817.0 ftC-Ba- Io L55 +4% 4
ftC-B? 91+ Ks 04+aW/ 027.0 oC61-3955 o03% 657 0

RtC" 01+20 0+$0% 636 5 ftCi6u21 93+00 0425% frn.O

RtC-r IOD W+2 0430% 636.0 m8-701-2y. 9+30 1+654 666.0

ftC- 122 44450 0+104 6W5.0

RC-171 374 ?5 040.% 673 0
ft-197 61+25 0+*64 $11.0

RC-260 *@+go 2+50% 6320
RC- 333 101+05 2+20% 8475
RC-405 110+05 9- 364.0

ft-406 101+31 0+53% 657.5
0H-1 96+00 1+43% 63.0 1 17.0

060 3 24.0
6360 4 340

650.5 6 3*.5

OH-2 1,4+12 6476 I 112
636.6 3 27.4
6ST.I 4 29.3

6 33 3 5 3.7 LIQUJID LIMIT - 60 RANDOM ZONE

C 29 3, 7
625 1 6 41.9 SAMPLE ISTAT-ION IRANCE IELEV

U- 595 686+6 1+18% 664 0 WAX 1 30 ftC-S1 92+00 1+50 U/s 621 7
655.5 5 11 5

PPF-68-I 98 151 2 +20% 822 7 1 30

617 4 910

I-."N 683855% 675 4 95

64 00 7 170

14:0 19 430

8055 22 530
26 615

PPE-5*?9-73+40 04713% $63 I 15

:55 15 ;19.5

879 14 37S

021.5 Is 450

ai105 23 560

PPE-W9iI 96+35 0+48% 20

8392 14 260

0404627,7 20 33 5

APFM4 0+6 040 2



LIQUID LI MIT 9 5 RANDOM ZONE
LIULIQUID LIMIT - 00 IWaERVIOUS ZUNE SWAGE X ~ vp

____STAEi SAMPLE STATION RANGE ELEV AE SML

SAMPLE STATION RANGE ELEY SAML SAMPLE RC*65*-22 90410 2 go% ,40.0
-j - IC9sz 884s 1 0 8205OEM

Ws"a 56+00 150% 0960 RC-' 5022 9610 0+60% 62
PC-# ~~~~RCu- W8+00 0490% "81.0 A4269+o06% n
U7U-744 90+40 1 1+70% US-215 4 T0 11-111 WE-U-' 9e+OO 1+00% 841. $ WI3

421345 5 23- izAi*5' ? +0 62 e-t
U72 _U'74j zais ______0 2 *St

LID LIQUID LIMIT - 40 RANDOM ZONELIID IMT-ORAOMZN
STA hIQUI LII ORADMZN

STAGE .1LSTAQE ISASAMPLE STATION RANOE SLV IAMPLE SAMPLEJE NO, DEPTH SAMPLE STTO AG CLEV, SAMPLE SAMPLERC. RC-4?9-17 -30 140 SI. No DEPTH
K-N*749405 1+10% "16.0 K'655-31 94+00 0+30% S. 0C 13

Pee7-Z 947R+0 6 Cr~ ' 66+50 0+22 % GIG5PPE-94-1 94+00 1440%94 25-5421 3 59fc . 102+90 0+90% 924093,138361 6 15I
805-620 1 4230 PPE-92-1 92+00 1+00% 8967 1 I 3-I &

8612 Is 368-393
PPE95-i 114+70 1+00% 8805 1 0-.

U- 44 94+00 0+30% 9174-9169 3 6 4-6.9

WO37-9%2 01*t6

IIEAM ZCIIE - NO SPECIFIED LIQUID LIMITLIQUID LIMIT -65 IMPERVIOUS ZONE STAGE 2
STAGE 11 SAMPLE STATION RANGE ELEV SAMPLE SAM PLE
SAMPLE STATIOk RANGE [ELEV SAMPLE SAMPLE -O -

__R. ~ EPTH RC*675-25 93+30 2+20% 1164 0BRC445-15 IC,0+0 2 +30 'is 8ls0 A#C514-10 96+56 2+35% 853.5AC'724186 90+2 0 A05 4/4 6140 PPP'93-I0J 93+00 3+00% 025,4-8249 2 20-25

R'02130 %3+20 0+10 ofs K000  U-5"4 89+60 2+80% 884 I 3,0

K -8234 937 0+10% 9235 3AI4OPOIESML ROM SPENCER EEP AREA77
U7141 900 I64-6v

L I. - .9.~

6INSPECTION TRENCH

~aicr7IefI ole. Approved

U S ARMY .NOINEEIk DISTRICT
CORP:, OP ENGINEERS

KAN+oAS CITY. MISSOURI

LITTLE BLUE RIVERMISSOIRI

PDOO IL LONGVIE*LAIIEA
UNA- c_ EMBANKMENT CRITERIA~ AND PERIFOIMANCE REPORT

P'ST - ~RECORD CON (ROL SAMPLE SCHEDULE

RDc/PE A SHOWN

~ 2 1 1PLATE NO 50



DEPTH a
$AMPLE (FT) ' 

4
5 _

SAMPLESTAGE IC, LIQUID LIMIT -55 IMPERVICUS ZC

___3 aC 66 23 2 x

____C ____ 4626 2 K
R572 X X x xRC70t27 2x

PC-__so__________ 
SUGIE 1, UQOUIO LIMIT -60 RANDOM ZON

RCI7I2 K x K K x- 
I I I

2 K STAGE It;1 LIQUID IIT-- 60 IMPERVIOUS

R172 K K K K 
rC832

ftcflO T7 x K X ~ -
RC60293 ---_ L 2

PC- 333 2 K K K x 
-4 -67.

RO74 4057 3 x x x K -2-M4

*C-406 K K r -
72IT 3-7* 1I x -

_"_ __O K 
STAGE ~.*LIQUID LIMIT -GO RAND~OM 2

5C?24 C41 2- K K-x

340 _ __ K KC K4 2 2- x K x

___ 9_____ __ I 
PPE-94-1 55-59 x K K

274 1 __ K K K 24-250 1 J
__99__ ______ 

STAGE IL. LIQUTO LIMIT - 65 IMdPERVIOUIS

137 __ K K K K C445315 I K K x U
3T 1-RC 24-20 2 K K K

419 K K K K RC-821 -30 2 K K K

1-$$'1 93 5 _ x_ RC-868233 2 K K K

170 1 K I S91-34 1

270 1 Kx U-745 64- 69 2 K U U

B430 I K K K [ 64-1691 x
530 1 K

615 K K K

90 1 K

105 I

WP994 X

IlPEi9.. 33 x__

293 I __V-373__ K K K
450 K

PPE-W9 9J. 1 K

U-59 I x K

15 4 3



A'A

DEPTH ,

CUS ZONF

IX STAG6 XC LIQUID LIMIT 55 IMPERVIOUS Z0ONE

x RCL x 2

x ~ I UQ I IIT6 xAOO I ON x___STG_1._ IUI_ LMI___RNOMZN

- STAOE 1, LQIDS LMIT - 0 RANOM ZONE P" I 545 1 X X X x

UIOUS Zo 24 1-o 1X I X x _______6433 1

X TASE n, LIQUID L.IMIT - 65 IMPERVIOUS ZONE 
Z -9

R___0____________x 
STAGE ~ L IQI LIRM IT 7 ZORA(NIIDO ZIUINEM

-Ndn- -35 2i x K-M3 2 2

- - R S46 I Xx x CIGI X X xx

DO 'h U-74? 34'-39 1_ _ xB M9- .3 '

Des 51113- it_ Ds I APUW,,

x x

RC,445-15jip -XX- -- - -

STAOF ~ ~ ~ ~ COP On stE ONO(NPEIFEDLQURSIM

ACIIM1KANSA CITY5-2 MISSOURx

U RYE3NEMAKTRI C IT EI

- 1AND PERFORMANCE REPORT

LABORATORY SOILS TESTING LOG

RO WE AS SOWN

146~ 49 1 of I -RBL - 3 1451
1 PLATE NO 51



STAGE I LIUID LIMIT

DI -CLASSF'ICrION DRY DENSITY WATER CONTENT '0f TEST "F

HOLE SAPLE - -A-OL EPTH PERCENT TAN C TAM
No DEPTH SYM L L P.L P.1. MAX. INITIAL RANGE OPT INITIAL RME I S T.S F a

RC-35 C7 65 22 43 972 96- 971 235 266-274 979 0052 10

RC-" 46 - L 40 il. 22 105,2 106.4 -1075 7 65 199 lo2 97-91 0 on 1.00 

RC- 57 CL HI 6 32 1050 1076 -106 3 176 - 5 is -j 6- 89
C-60 0 20 30 97.4 905 - 997 212 240 241 9-1 92 0070 25

RC-109 CL 46 18 28 1030 1073 - 07.0 A 90 18 - 90 0026 225 _

PC1-112 CL 44 1$ 26 1022 1065 - 1075 Is? 202 20- 7 95 0 35

RC-171 CL 46 it 27 1036 993 1010 is ?4 - 259 t00 0035 ,25

RCI7 CHI 57 17 40 97 932 - 933 213 253- 295 t0 0123 055

-RC-290 CL 43 20 23 105,3 1046 
o
1049 287 216 - 219 99-100 0044 1 70

CL 45 25 20 2026 975 - 978 203 257 259 200 o2 075

4CNI 56 2 34 956 990 1007 243 236 92-96 025I 123 __

R¢-404 s to B6 97 ? 05 106 2 222 206• 9 0070 2 3
ON-I 1 70 CH 53 16 37 1049 -1057 216 - 220 100 0 52

240 CL 43 I2 26 1072 -106 201 -204 96-100 0035 235 0 61

340 CL 41 16 25 95 1036 215 - 239 92-95 05
39__ CL 40 16 24 102- 1044 205 -222 93-97 0070 040 052

OH2 192 CL 48 16 32 105.7 -1079 19 197 92-96 0167 225 042

274 CL 36 Is i6 066- 107 3 to 3 - l87 05

299 CL 39 2 22 069 -079 94 - 201 9397 ) 5

IC 337 CL 42 26 2S 2202 - 2209 2 99 - 290 2O0 05

377 CL 32 16 16 230 1150 164 - 272 96-99 0456 245 06

419 CL 43 26 27 1020- 1023 227 -230 99-100 0437 075 05

U-595 30 CH 53 27 36 1008 - tl2 231 - 234 94- 95 04

- 1. CL 45 I6 108. i1-~L 75 96as-

PPF-I 30 912 - 945 260 - 27 9-97

90 1009- 1054 198 213 90-914
105 1024- 1044 -_ 217 , 94 -99

1-99-1 Q5 1023 -2051 2t 3 219 93-98 0035 5

27O CL 46 17 29 2022 - 1039 223 - 240 97- 9

27 0 203 2 - 107 1 Is - 210 90-93 0

430 rL 41 I5 2$, 1065" 1074 198 204 95"9 0200 075 062

53 0 219 - 1043 23 9 239 200

- a cL L 1 14 2T- 1i24- 1103 to 2 - 231 96-100 0315 040 4

pp 991- t034 215 220 92 96 0 4

PPC-99" 35 1000- 1007 222 - 225 69-90

225 000- 1016 233 - 242 92-99
295 2064 I2067 19 " 29 99-96

375 CL 33 11 26 1049 1073 20.- 224 95-96 C

450 1047 - 1050 228 97-96

560 1 CL 48 17 31 1042 - 1054 198 2tO 96-98 1
B NOTE:EXCEPT FOR THE * TEST, ALL SHEAR STRENGTH PARAMETERS PROVIDED ON THE SUMMARY TABLE ABOVE WERE DERIVED FROM A BEST FIT IAN(EN 1 I

THE * TEST -EFFECTIVE STRE, STRENGTH PARAMETERS WERE DERIVED FROM THt POINTS PLOTTED AS DESICNATED BY THE CORRESPONDINS MOHR O,A ,R

*SUSPE.T TEST

'4

I A

-i _. . . . . .. . . . . . . .. 4 . . .. . ..



3~1 ~ 2 i----- -.- ___

i. -55 IMPERVIOUS 7ONE:

TAN M ER cONTNT 0* TST "Ir TEST "R* TEST "S" TEST
DIRECI SHEAR

PICE' TAN" c TAN I c TAN c TAN c
I0 T.SF.6'T . I TSF S TS.F,

96- 7 09 0Z 1 08 0213 050 0434 0

,99 202 97o9 0.06 100 .306 070 0597 0

es -Se 68-69 -. 0268 125 0615 0

240 -241 2 0070 its 0194 096 036 0 .

169 -191 90 0016 215 0374 055 0592 0 1

202 - 20 95 0 135 0202 123 0634 0

248- 29 10 0035 125 0259 030 0634 0

293 - O29 00 0 23 055 0277 001 0540 0

216 210 S9-100 0044 170 0296 030 0630 0

25o7 2&25 9 0 0121 07 0267 053 0610

052, 236 - 9 0155 I23 0144 , 13 0534 0
0194'95 0070 23 0O26I O.s Q 56 04

21 6 22 00 0 52f 0lt 0335 025
201 204 90100 0035 1 35 0613 0 0364 023

0 215 236 92-95 0 532 OA 0287 00

0.462205 -222 93S. 0070 040 0 532 014 0296 025

05 89 I 19 92-98 0167 1 15 0462 0.42 0224 0le

5 3 187 0589 0 0321 200
057? 94 -201 93-97 0573 0 0317 025 C
066 166 IS0 100 0577 006 0335 045

057' 64 171 93-99 0456 1 45 0667 0 3 0  0761 0

0468 227 230 98-100 0437 075 0577 023 0.279 025

231 234 94-95 0468 020 0274 045

'75- $1. 0 -- I0

260 271 9-97 0 0600 0
1A- 46 213 90-9 0 054k 0,

94-99 0433 0

23 219 93-98 0035 1I0 0-490 0 27

2 240 97-98 0 490 0

760. S85 210 90-9! 0 52' 0
19 0 5-99 01tO0 .15 0601 0 o 0 0402 050

4 3 - 039 00 0 44_ 2 0 5 96) 0

2-: - 22 1 $9-90 t 538--'"o

233 5242 92-91, 0477 0

g 191 09-96 I0 616 0

2 : 9-6 0532 032 0414 050

96-210 6980297$ I $.'6 ___ I 0 5341 0

,9 - -210 $6-96 0 _ _ 060 0 165 1 00 L

8V WERE DERIVED FROM A SlET FIT TANGENT 10 THE MOHRS CIRCLES FOR EACH SAMPLE TESTEl.
DESIGNATED BY THE CORRESPON. I, MO.R'S DIAGRAM.

-- Dos--4---

U S ARMY ENGINEER DISTRICT
CoRPS OF ENGINEERS
KANSA3 CITY MNISSOURI

LITTLE BLUE RIVER MISSOLAI
2. 0-LONGIGEW LAKEA ,, cP,, EMBANkMENT CRITERIA AND

. 0-a-, PERFORMANCE REPORT

2. .. TEST DATA SUMMARIES
P S LIOUED LIT-S5 IWERVOUS ZONE

CO~c,. 2, ISTAGE I

R D $ / * .[I E A S H O W N . ] .

- -- o- r-- -- - f - - "

3 PLATE NO 52



r-VALUE ENGINEER]

LHQUIO LIMIT-55 RMP ZONE, STAGEI

40 - IMPERVIOUS ZONE

4x ... 
TAE I

_ 
SAMPLE

DIPFERENTIAL HEACD.
HORIZONTAL SPECIMET

0 0 t0o )vo 30 4o 50 60 70 w, 90

W LWIT/ MATI

BERM

HILLSIDE EO

A VALLEY 
BO P

ACTIVTYr VS LIOUID LIMIT ISIL
L5IO LIMIT- 55
IMPRVIOUS ZONE .. . . i ' . .

STAGS r, l ,

1 0

c 0
"0 - 4o , - ..

-4 L l ~ll

B 
1 1 1

- - -INACTIVE. --, -,- NOMA ACTIVE ! !
2----- -- t ... -L ., I R --

04 06 0 10 12 14 .6 Is
PlI

ACTIVITY - % PASS 2 MICRONS

'oll. I THE PLOTTED POINT CORRESPOND, TI THE F E iR *A RN I UNO 
TO 

A 
H

T F1WRI

ITSHIN Cf MAE 7 5 H TR E I10 TI 'TRAN, NTR NINtST RE N T 4

- OENLOPE EN ENVE.OP|

PO IF X OTET)I {M / , (CN RU lN) . t(L'

4.

_ - = ; . . . ..-. t L. . . .. ------.--- ~ 1

N0" TOTAL STRESS "R"
MHR'S QIA_RAM MOHRS DIAGRAM

3



IGVALUE ENGINEERING PAYS- - - -1

CONSTANT HE.AD PERMEABILITY TEST SUMMARY

-55 D-I____________ ------ - - - - - - - - --

ZONE LIQUJID LIMIT- 55
IMPERVIOUS ZONE INTASPCMNODIOS FINAL SPECIMEN CONDITIONS
STAOE INTA PCME ODT~4

Otp ~~~~~~~SPECIFIC WATER VOD ST DY W ER OIAEAG
(FT SAMPLE DEPTH LL Pt. PI GRAVITY CNET R IODEN31TY CONTENT RATIO DENSITY PREBLT

22- - ~ -.- _ _ __T ---: II 4 2L4y __ PMA iLT
ON2 22.0 41 1 7 24 206 10.58 94 14 14 00 10 71zI o-7

315 2 I s 2 16.2 042 100 115.1 16.0 040 j 1.0 22.08
375 1 28 1~ 262 190 049 I100 t099 Ia 042 0155 2.O

MEN ALKIDIFFERENTIAL HEAD. 3 PSI

MEN LI9HORIZONTAL SOIEN ALIGNMENT

___PH4YSICAL SOIL CONSTANTS

MTPAIIUI8T WEIGH4T DESIGN SHEAR STRENGTHS

AEILIMATERIAL P.C.F. 0 R S

SAT. MOIS' C(T.S.F) 0 TAN 0 ClT.S.Fj 0 TAN 0 CIT.SJ 0 'TAN 0
lo.EP ~BERM 11 0 0.45 0.00: 0:00 0.10 11.3 0.20 0.00 16.7 0.30

C BORWWW.LSI0E BORROW 125 115 0.90,1 0.00 0.00 0.20 11.3 0.20 0.00 19.8 0.36
DA BORRO VAL LET BORROW 125 11S 0.90 0.00 0.00 0.20 11.3 0.20 0.00 26.6 0.50

E-P0FOU.NDATION OVEP',UROEN, AS Do ,0.60 0.00 0.0 0.20 11.3 .0.20 0.00 26.6 .0.50C

- LISHALE - PEAK M40 140 - -- 0.00 3f.0 0.60

SHALE - RESIDUAL 140 140 - - .0.00 16.7 0.30

T-1

r LIOUIO lIMIT 55 IMPERVIOUS ZONE STAGEI
GRADATION LIMITS F'OR RECOIRD CO WCL SAMI'LE* TESTED.

1,IJ A! II IIW( I'," 110 IC ANT CORRI SPIrr III l t 11 IAAIIRL
I'~ ~~~~~~~~ :A A Rm.IWi I A. wi ge tAI A ,, 61 -11 IrU wwA

''A..; ,A~FI.&IPAL Ef(T111 ItH'ts A1(

ICON TRUCTION-

I,, - - -- - ---- - - - ---- ;~~'

- A "~~' -~ U S ARMY iNGINEER DISTRICT
----- L~.J ~CORPS OF ENGINEERSI - ,KANSAS CITY MISSOURI

I8 E LONGOVIEW LAKE A
-4o, EMBANKMENT CRITERIA AND

- ------- .1 E~~n.'. PERFORMANCE REPORT
AL STRESS "R" EFFECTIVE STRESS D' t OP TEST DATA SUMMARIES

k JGaAM MOHR'S DIAQ AM LuO'OD LuwmT-55 IMPERVIOUS ZONE
CAUASTAG E I

3. -------- ~ 2 1 PLATE NO53



4 IS TESTS

LIQUID LIMIT-55 I
IMPERVIOUS ZONE

STAGE I
LEGEND

DESIGt SH4EAR 3 TRE#4GYH

DESIGN SHEAR STRENGTH

_ 4

TESTS
Is'sTRNT RM' ET EIhSERSRNT LIQUID LIMIT-55
4 0N T R M ' t E T S D I N S E R S R N T I wa P E R V IO U S Z O N E_ _ _

LIQUI LIMIT -55 iCNI SECTION)6
IMPERVIOUS ZONE c-00 ISF. TAN9.50 60STAGE I

40 STAGE I CLEEN~J
____ 50 *C

1440

3 ~0

L WN ER STRES (VALLE SECION

C- 0. 6. 70,TN .03

A N4ORMAL STRE!



R - TE STS
LIQUID LIMIT-55
IMPERVIOUS ZONE

8.0 STAGE I t- - D
LEGEND

0-CL .- CH

5 0

21 0[--- -
J i -t.] -- -- __

0 7

I II 'p -D SIGN SHEAR STRENGTH

10 20 30 40 50 60 70 80 90 100

NORlAL STRESS (TSF)

MIT-55 i - --,s ZONE J

E --l _ --! B

I I

I , I

SI

I S HE AR S _R ; .

S .-.... -Oes¢ cpIon' ___ O.e ApT ,oved

c. i D0 TSF TAN. 0 0

0 !0 4 0 6 7 I090. 00 -10 U S ARMY ENGINEER DISTRICT30 3c0 40 50 &u ? 0 0 90 10 0 120 1O 0 CORPS OF ENGINELRS

NORMAL STRESS (TSF) KANSAS CITY MISSOURI

LITTIE BLE RIVER. MISSOURI
R D mLONGVIEW LAKEA

- O:. EMBANKMENT CRITERIA AND
,iI ' ' PERFORMANCE REPORT

MAW I SHEAR TEST SUMMARIES
LIOUID LIMIT-55 IMPERVIOUS ZONE

- STAGE I

ROG/ wAl 1 AS SAOWN

RDG I e RBL-3-1454

2 1 PLATE NO 54

II



DATA ON RECORD CONTROL SAMPLES
STAGE I LIQUID LIMIT -55 IMPERVI!OuS ZONE

HOLE SAPE CLASSIFiCATION DRY DENSITY WATER CONTENT 0' TES

NO. DEPTH Ism L.L. P.. P o TEST RTTAN

I . A. IIIAL RANGE OPT. INITIAL RANGE INROI TANS

It-104 15 40 98 3 10. 103.8 221 Wozi-z0OlS11_.0 0.404 0-

RC62 - CL 46 Is 30 98 I U? 6 Z7
________ L 4 6 28 10. 011064 18.1

RC682 CL Is- - is -G -- 
7 

.
9

C?01271 'r. SI le 33 983 ] 2 S

NOTE: EXCEPT FORl THE * TEST. AU. SHEAR STRENGTH PARAMETERS PROVIDED OH THE SUMMARY TABLE ABOVE WERE DERIVED FROM A BEST FIT TANGENT To THE MOHR'S CIRCLES
THE * TEST-EFFECTIVE STRESS STRENGTH PARAMETERS WERE DERIVED FROM THE POINTS PL.OTTED AS DESISNATEO BY THE COHRESPOINGt MOHR'S DIACRAM.

MAEIL UNIT WEIGHT
P.C.F.

SAT. MOI0ST CIT.S.Fj 0
BEMI's 110 041 5

VALLI. BURPOW 125 '6 0.90 U"y

SHALE PE0 140 00

SHALE RESTU)LAL 140 140

IOUID LIMIT 9 S5 IYPEIRVICLIS ZONE STA6E 1I
CRADA' ON 1jM FOPR ECOJRD CONTROL SAMPLES TESTED.

GTTEDERGLIMIS IACTIVITY vs-LIQUID LIMIT

55ER ET LIQUID LIMIT-55
BLIQUID Im 5,MPERVIOUS ZONE, STAGE IT

_ __ ____ TT *I/ -- -IMPERVIOUS ZONE
'0 T EsT 'R TEST 7/b__

_~S TEST ~,-~ STAGE I

30 tz ItT!2 I
>0 40:~ ~ "' S 0 - 4 0 ~ CIIY

5 NORMA

04



AMPLES ,'U ".,01TE POIT ¢cOmrp 0. TIO T *,u

RVIOuS Z I 0 ! ktO15% STRAr u

-*-*------- "W TEST- 1 W TEST "TEST 1 0SPN
QTET TET I TET jDIRECT SHEAR ?TRENGTH STPENGTH

-- ENT TAN C TAW I c TAN -C TAN C IJNVELOPE /'ENVILLOPE
T, - S F o TSF o T.So.j ' o4 .F / _- CONTRUCTIOT

lomf0 TF a TSF TS 0 ST-PLOT TED.IF 94-i G 0,097 1 o0 0 o33 0.19 02 0.2061 0477 0 - ,'POINT
10 Dl 085 0jH 4 04  02 0222 055

S- - -o-,,D?7-s. I2 1 051 0

- ED FROM A BEST fIT TANGENT TO THE MOHR'S CIRCLES FOR EACH SAMPLE TESTED.

IRCLIS F BY THE CORESPONDNG MOI*A S ILACRAM. ... .

MOHRS DIAGRAM

P,[ I TT f~f prIr F flf ", "[FV'UPr.

PHYSICAL SOIL CONSTANTS P j . , , sTPAINSOIL C . iUNIT WEIGHT DESIGN SHEAR STRENGTHS "RE.
MATERIAL P. C.F. 0 R_______

o SAT. MOIST C(T.S.FJ 0 TAN S CIT.S.F, TAN O CIT.S.FJ 0 TAN 0 -

,0R Q "rr 1 .453 0,4 C,0 0 0,0 ]1S 020 0.00 -6- 0.3L
IURQ % 115 0 

9 0 
.00 000 020 I. . 020 0.00 q 8 0 3I

L 4Th BRACH .5 0 90 000 000 On ,3 0.20 O.O0 2E1 0.50 - C
I .A kON ('R RDE N "3 ) bC 0.00 0O0o 0.20 .3 0.20 0.00 26.6 0.sI)

, E PEA L 40 040 31.0' 3'C 0.60 /

~E3I~A ~ J~, ')C,0 .(Y 167 3

TOTAL STRESS "R"
OHR S QIAGRAM

I I 4 1

ACTL ,'y lLQI0LM~ f x , 1lI[ TL

LIQUIt LIMIT-5 ..

IMPERVIOUS ZONE I ridl
7 STAGEI .

S ;oI -

s.i o . , - --_ -I

0 EFFECTIVE STRESS

---40.. MOLHU DIAGRAM

INACTIVE, . NORMAL ACTI VE
)RMAL r --

04 06 0 9 10 12 14 i I U S ARMY ENGINEER DISTRICT
IC, PI CORPS OF ENGINEERS

II ACTIVITY- I KANSAS CITY MISSOURI

---- LITTILE 'BLUE RIVER. IASSOUR'
VMD LONGVIEW LAKE A

DG uS E,* o,.. EMBANKMENT CRITERIA AND

..... PERFORMANCE REPORT
TEST DATA SUMMARIES

RA LIOUIOD LMT-55 IMPERVIOUS
STAGE !I

R ,/W8F s, AS SHvWN.,

O / BE ~ o,a -1 .... ... .....

A3D I of I ~.ROL-3-1455
3 2 1 PLATE NO 55

1I



D 's' TESTS

LIQUID LIMIT-5

IMPERVIOUS ZONE I
STAGE I

o - CL •U-CH -3

DESIGN SHEAR STRENGTH
C.00 TSF,TAN-0S50

I CONDUIT SECTION' -

DESIGN SHEAR STRENGTH
C000 TSF, TANE,036
(VALLEY SECTION)

I 2 s4

NORMAL STRESS TSF

'Q' TESTS
STRENGTH FROM TESTS, LIQUID LIMIT-55

LIQUID LIMIT-55 I IMPERVIOUS ZONE
IMPERVIOUS ZONE 40STAGE 11

40 STAGEI0 . .I*

-CL A- CH
I 3

DESIGNSHEAR STRENGTH
VCONDUI SECTION)

I 000 TSP TANO-050 I ~t 2 0

---O ) t o 2 0 s oTA a ----- 4
10 20 30 40 50 NORMA

NORMAL STRESS (TSF)

A

5 4 /



tt

LIQUID LIMIT-55M IMPERVIOUS ZONE
STAGE r- I

t o L - __ _ _

'-DESIG SHEAR S"RENGTH

LZJC -jC0 20 7SF, TAN 6.0
0 20 30 40 50 60 70

NORAL l3AjuuTw
C

IIE

' TESTS
LIQUID LIMIT-55

40- IMPERVIOUS ZONE ___

-:.3oLL E DO*-- 1...... Bi

- ,= -,- "k-r { 4- L. k___
:zz \STAGE 11

-0 10 -. C00 90 1SF, ,NO0

0 20 10 40 -50 ?O 0
_RMAL STRESS (TSF)

U 8 ARMY ENGINEE4 DIS RICY
CORPS OF ENGINEERS

OIANSAS CITY MISSOURI

, -, LITTLE BLUE RIVCR. MISSOURI

r'.' " EMBANRMIENT CRITERIA AND
PERF0RMANCE REPORT

MAW SHEAR TEST SUMMARES
LIOUID LIM7-55 IMPERVIOUS ZONE

STAGE 11

W aI/mU so AS SHOWN ~ 4-

FCW 0. RBL-3-I456

21 PLATE NO. 56



DAAon RECORD CONTROL SAMPLES

HOLE SAMPLE CLASSIFICATION4 DRY DEST WATER CONTENT

NO DEPTH IY kI L.. AL INITIAL RA OPT INTA A~~ PERElzTT

NC-S CM 5 I 00 98137 24 22.3- 4

NOTEs ALL V AND -W SHEAR STRENGTH PARAMETERS PR~OE ON THE SUMMARY TABLE ABOVE WERI
DERIVED FROM A BEST FIT LINE TANGEN4T TO THE MOHS CICLES FOR EACH SAMPLE.

r .,,.%.r -sos.~SS- _________________________

L PHYSICAL SOIL I

I UNIT WEIGHT.
'CI MATERIAL P.C.F. 0

I ~j ~BEMSAT. MOIST CIT.syj 0

ILV~ T hLSID ORROW I25 115 0.00

ATTER EDG IMIT LOV ERBU DE 1L5 0T 060 0 0

SHERATST RANOQIA ZONE 10

B~~~~ LIQID LIMITT60 RANDOM ZONE , TG - STAGE I

GI(DAII LIIS O ESOD T RO SAM ES TE STET

_ _ER ER LI I LI UI LIMT-

SHEA TETSRADO-ZN
LIQUD LIIT 6 RADOM ONESTAG 150- STG I

-0 
-J0 -

I 
I50

11 

.30

0 0 10 20 30 40 1 . 04 0670 -S ACTIVITY -
A LIQUID LIMIT



3 2 -1

IJ

TAN DATA ON RICoR CONTROL SAMPLES
STAG" LIMIT - 60 RANDOM ZONE

#ATE COTN TES DIT 0RECT SHAR

WERE oAL RAG OFT. INITIAL CCT NGE C4. -  TOI o T 0 tS
o  

o Ts°

"ERS PROVD0 ON THE SUMMARY TADLE ASOVE WERE
TO THE mo'S CIRCLES FOR EACH SAMPLE.

)IL COI

D

T.0 PHYSICAL SOIL CONSTANTS

30 0 "- UNIT WEIGHT DESIGN SHEAR STRENGTHS
)o . M .ATE.RIAL P.C.F. 0 R S

SAT. MOIST C(f.S.FJ 0 'TAN 'CIT.S.F. 0 TAN 0'CIT.S.F)' 0 TAN 0
0 ' .ER', 0 0.45 0.00 0.00 O.10 1.3 0.20 0.00 IS.1 0.30

.SiDEL EOPROW 125 aS 0.90 0.00 0.00 0.20 N.3 0.20 0.00 19.8 0.36
I VALLEY B 0 1 i25 45 0.90 0.00 0.00 0.20 13 0.20 0.00 26.6 0.50
" ,O0ATICN 0iERS'JGEN 45 110 0.50 0.00 0.00 .20 10 0.20 0.00 26.b 0.50
-ALE - P,(A ,40 140 . 0.00 , 31.0 0.60
.I ALl 5ASC UAL 40 .40 0.00 -t.,7 O.9,

SILtA LIMIT- 60

RANDOIJ ZONESTAGE .... .. B

1 I 1

" i i

-4 .10I

' 0 -- -j oF- ' . 4 v ,i 5t G -'. A p . ....

..o-____ i,,I ...L k -... ........... -k_O0 50 12 1 0 IY* - a_::'
04 06 08 10 It

'  
14 I16 is P. . . . . . .. . . .. . . . . . .

P,, U 5 ARMY ENGINEER DISTRICT
ACTIVITY- PAS C mi CORPS OF ENGINEERS

* - T G E I. - -36U~
R 9D N ASSN .sTY , MSO

W a I , A ~¢ EMOANKMENT CRITERIA

,ee~,,-,,, AND PERFORMANCE REPORT

It* A TESTS DATA SUMMARIES
R , c LIOUID LIMIT - 60 RANDOM ZONE

c, - , ,STAGE It

FCW J-.- ... - RBL-3-1457

3. 2 . 1 PLATE NO.57



UOUIDLIT.so
RANDOw zo.W

ID 2 -- cL LEGDO

0 CL

DESK IAR STRENGTH
C.o~ T.S F. TAN 820.36
IVALLEY SECTION)

L

NORMAL STRESS (TS F)

1IC

rI I~t O T C-ES($D, 0 R FILR ILDI lED POINT CODED $ONtD5 TO- YFI f .LP 1HD jIj(# rlE MAO IM rOEE(Sl'O'JO M

.CRI ETIET POT CO~WUAEVOA D I WESS1 CRI OON COF4MAXI"J DEVIAIOD SlTS El 'O WMMU LU

CElPt~I 1 cIsl~o ST~RAIN $IDS 11S RU. 10 IV/ SIRAIN. r-a -t 'fuaS~.

STREGTH IREN~iISTRENGTH
SITRENGTH REGH EVNV EL 0 E i MVELc1PE
ElovELOPE 'ENVELCPE STRENGTH 'E~ CoNSTklJCIIONl

aIM) iCONSTRUCTON) ENVELOPE
-- PLOTIED iCONSTPUCTION, LTE

POINI PLOTTEDA

1~~~ - ~~POINT - 1OIT-

~ -45-,P/2

-- ,'C 1 .0' i/ .

J ~

TOTAL. STRESS "R EFFECTIVE STRE
MOHR'S DIAGRAM M LR'S_ AGRAM MOHR'S DIAGRA

A



2

LIQUID LIMIT-S0
RANDOMI ZONE

STAGE I D

U-ai________LEGEND
0--CL *--CH

________ 'DESIGN SHEAR STREWTH
C-020 T&F. TAN -0

10 20 30 40 50 Go

DESMStoSTR~GTHNORMAL STRESS (T.S.F.)

C.0g T ti TAN 60 36
IVAUECT SECTION)-

4 2 3 4 5 6
NORMAL STRESS (TS.F)

- ________________________ 'TESTS
WY$4. suo-6'LIQUID LIMIT-GO0

Aco P' oll rO~ (0& I 5jU )SIt', I H U A IJ RANDIOM ZONE ji
vl'j' (('V (URINW11)B I'O. IMA30 STAGE I

LEGEND I
'AILVP20 CL

DESIGN SSTRESTGTGT

-
I - - -

SNORMA EFFECTSV STRESS.

IAGRAM MOHR'S DIAGRAM

-- -eclt _ Dol.e Approvoo

U6ARMY FHIGIEER DISTRICT
CORPS OF ENGINEERS

KANSAS CITY, MISSOUIRI

_______ ~ -LITTLE OLIE RIVER. (ISSOLURl
LONG4*W LAKE A

VIs -,c.. EMSAM(MENT CRITERIA AND
o'. yof0IW PERFORMANCE REPORT,

SE SHEAR TEST DATA SUMMARIES
LUMJI LIMT-60 RAND0OM ZONE

--. b STAGE I
ROG/W RE AS SHOWN

RlOG OO R L-3 1458

j2 _ - 1PLATE NO. 58



[MG I I 4

HOLE SAWLE CLASSIFICATO DRY DENSITY WATER CONITENT

MID, DETN SYN. L.L. PL. P. 1 MAX. INITIAL RANGE OPT, INITIAL RAN6 PER CENT

CM 53 24 29 ~ 0 101.3 - 1036 2 32- 229 - 24.4 "200

U-766 70S-7I1i CL 43 Is 25 10OIS- IO6&3 20.8- 21.4 97-96

r23-72.11 CL 45 20 25 101.1 - 101.432 23.5 97

_!-741 34-3.1 CH 67 Is S1 23 5- 105.-223 939

NOTES EXCEPT FOR THE * TEST. ALL SHEAR STRENGTH PARAMETERS PROVIDED ON THE SAMARY TABLE ABOVE KER DERIVED FROM A BE'

THE * TEST-EFFECTIVE STRESS STRENGTH PARAMETERS WERE DERIVED FROM THE POINTS PLOTTED AS DEIIGNATED BY THE CORRES

t I4

~-±.- L~ttlPHYSICAL SOIL

fl4-~V- 4IMT WEIGHT
i~21 12 -MATERIAL P.C.F - 0

BERM Ili 110'~ 0.45
14;:~::, t HILLSIDF BORROW _12i1 15 0.90 0.0

T!.- VALLEY BORROW 2 IzS u 0.90 00)'

Li,.,. lii FOUNDATION 0VFfr....0EN~i Als, NO 0.60 000
-- I-., p'--~--SHALE- PEAK 140 10 - -

SHALE -RESIDUAL 140 140

LIQUID LIMIT 6 0 IMPERVIOUS ZONE STAGE 11
GRADATION LIMITS FOP RECORD CONTROL SAMPLES TESTED.

ATTERSERO 61MITS ACTIVITY %t, LIQUID LIMIT
SHEAR TESTS .5LIUDIMTO

BLIQUID LIMIT 60 IMPERVIOUS ZONE STAGE 1 IUDLMT6

____5TST0TS IMPERVIOUS ZONE
____''_ES_ TST7 STAGE 31

40-:zzz-: Tf - 0

ItF
~40

10 I .30

4 INACTIVE . - NORMAL- .

0 10 20 30 40 5 GO 70 o 90 04 06 Os 10 12'

LIQUID LIMIT ATVT-

5 4 3

1'



DATA 00 =01O0 CONTROM SMPLE

T A E - - _UI LJWTER TAN __ 
D A A

L R(ANKS OFT INITIAL RANGE WWIO .,F TI 0A C TA

IU 1 2t 29 - 24 4 100 0141 1.50 0.456 021 0.325 05

Z o 0.8 - 2 1.4 W7a ~ ' 0.20? I.75 0.577 039

a--101.4 232- 235 97 0 CLS44 050 0.577 0.20

- 0221.3- 223 193-4 0,110 1.10 :107 0.38 0240C 057

A BEST Fil
SpOtNo, o', HE4 SUM,6 14LE ABOVE Wt0E DERIVED FROM A BEST FIT TANGENT TO THE MOI'S CIRCOLES FOR EACH SAMPLE TESTED.

POM THE POINTS PL.011W AS DESIGNATED By THE CORRESPOING MOIRIS DIAGRAM.

X. CON! PHYSICAL SOL CONSTANTS

IET IREIGHT, DESIGN SHEAR STRENGTHS
I A MATERIAL P P.C.F. a - R

o OoSAT. MOIST C(T.SFJ S TAN s*C(.SFj + S'TAN OClS.FJl S TAN 0
BEMV 0 0.45 0.00 0.00'OJ 0.0 9.3 020 0.00 16. 0.30

0.0HILLSIDE BORk0S 125 p 0.90 0.00 0.002-. O .00 1%6S 0.36

VAI.LE4 SRb .25 945 0.90 0.00 0.00 0.20 &43 0.20 0.00 26.6 0.50

0.(0( FOUNDATION OYEREEN *5 so 0.60 0.00 0.00,_ 0.20 L3 0.20 0.00 26.6 0.50

SHALE -PEAK4 140 140 .-- - 0.00 33.0 0.60 L~
SHALE - RCSIDUAt 140 140 -. - 0.00 16.? 0.30

LCIQIDt IC LIMIT
* . .~ IMPERVIOUS ZONE

STAGEU ,

.1 .

- -INACTIVE. NORMIAL- - -. ACTIVE

ARMYENlGINE 151% DITAIC
12 I 04 0 ~50 0 1 14 -i's le 20 22 CRSO NIER

YPi. 
KANSAS City MISSOURI

PAlJ ACTIVITY~ 3 -- -- ICRN m l 419 R(3 I4lR

PERFORMANCE REPORT

E G IIITEST DATA SUMIMARIS
LIOUI LOAT-60 IIPERVIOS ZONE

STAGE I I

a /ec ASSHOWN *44

rc RBL-3-1459

3 PLATE NO 59



__________________________________________ F NOTES, 1. 45-*'2 ASSUME W OI~J~/ZASAO6
WT I( PLOTTED "NIT CCRRESPCMD$ TO THE FAttMR 2 . THE PLOTE POINT cORPCSFO#0S 107IRE FAILURE .* 4( POTTD P INCOESPONOS 10 11E I AWLI

CPITERION OF WAX"JJ DEVITlOR STRESS. CRITERION OF MAXIMUM D'EVIATOR S RES$. CRITERION OF MAP'UtR C*'GOLWy*Im AxMJN
TfST "R T 1 %O STRAITL 3. t RU T 1 5% SIRAIR. PR,IPAL EFFECTIVE STRE5 RATIO'.

SrEGH STRE.4GTH STRENGTH STRENGTH
IAU (CONJSTRUCTION) ENVELOPE ; CONSTRUCTIONN

ENVELOPEE (CONLPESTR TION) EEULP
POINT PLOTTED .. jION-LTE CNTUTOIPLOTTED

ToT '~POINT- PON

OIN

TOTAL STRESS "R" EFFECTIVE STRESSMOHR'S DARMMOHR'S DIAGRAM MOHR'S DIAGRAM

Q' TESTS

LIQUID LIMIT-0
S IMPERVIOUS ZONE

STRENGTHS FROM 'N TESTS IDESIGN SHEAR STRENGTH 40 STAGE II
LIQUJID LIMIT - 60 iCOTOJIT SECTION) LEGEN

U)&GN
IMPERVIOUS ZONE C 0 0 TSP. TANG 0 0-

4J SAG- () 0-CL c
B S1AGEZ so -

In

L -- - A - C.9cm~ A *

10 40 0 10

DESIGN STHEAR STRENGT

10C00YF TN001/

A



- 21

W TIStS
LIQUID LIMIT -60
IMPERN1ousI ZONE-

STAGE 0

b O-L -0 0

0 0

UT I F[1/ED POIN C ASEPONDS TO THE rAIL L,0l1

fr'7 S~ffl Cf V&kN'x OLI0U"~ IMA- Ic - - - ___ DESIGN SHEAR STRENGTH" RTPALO E*IXCT I SAIO)~ U , C'O020 TSF, TAN S-O020

STRENGTHl
KNV[LOPE I I -

(CONSTRUCTIONI -, to 20 30 40 50 t0 o 70 .0

PLO7TEO ",NORMAL STRESS (TSF)
rN/; POINT '-SIRENGTH

ENVELOPE

+ -' - ' IDMI "

ss EFFE" TIVE STRESS
MOHR'S _Q!GRAM

__..

LIQbl-1 L:MIT - 0

IMIPERVIOUS ZONE

9- CH

5c B

4--
DE STASE TR

10 --0 30 A0 60 T

MI r3 ' oTST

COP OFN ETENGTNER* 0I

KANSAS CITY, MISSOURI

'Q + '" LITTLE BLUE RIVER. MISSOURI
wegt~ u LONGVIEW LAAEASEMBANKMENT CRITERIA AND.ESIG.NPERFORMACE REPORTJ S AM SHEAR TEST SUMMARIES

LIOUIO LIMT-60 IMPERVIOUS ZONE

- - .. . ... STAGE 11
R D/WBE As SHOWNLE AN,

EBNCEW C.E.AFo

__ '° I |..RBIL-3A-1460
2 -PLATE NO. 60



-r-------- ATA ONRECOR OTO APE

.XI4GE I LIQUID LITl-60 RASNDOM ZNE

HOLE I SAMPLE CLASSIFICATION4 DAY DENSITY WATE CO T

N .DEPTH sy. L . A INITIAL R"1GE~ P NTA A64uA 9
I2 I 4 978 T0414 '227 z22 -2.6 t-00 00-1

C-7-4 CM 52 .5 41 990 984-997 ~22@ 24 6- 25.1 96-97 oo:

PPE4I Tf- .9 C 53 "?3496- 102 4 T229-246 19 002
1.119 CL 49 16 33 0.5 zo 04-21.3 100 10*00

24.5-2509 CL , 8 14 24 j uo 61 14.0 196-100 004

NOTEtEXCEPT FOR THE * TEST. ALL SHEAR STRENGTH PARAMETERS OPOVIOED ON THE SUARY TAPLE ABOVE WERE DERIVED FROM A BESTI
THE * TEST-EFFECTIVE STRESS STRENGTH PAPAmLTERS WERE DERIVED FROM 'HE FI-qTS PLOTTED AS DESIGATAED BY THE CORRESPOl.

PHI SICAL SOIL CONSTAI

MATERIAL P.C.F. 0
SAT. MOIST C(T.S.0 0 TAN 0 CIT.

4# . . i .. . 11 * BERM NS Ib0 0.45 0.00 0.00 0.

::ttILLIEBR ~ 2 5 '09 0.00 0.00 0.:
Of j VLIE 80"OW 125 05 0:50, 0.00 0.00 0..
,,~I:rFOUNDATION OVERUftDEN o go C0.60 0.00 (.0o 0..

10 5 .S 000 0k 001 OO? HALI PT AR 40 t40

______--;:7~;i*HA-LE RE5 IUAL 40 '40

L.OOUID LIMI T 60 RANOM ZONE STAGE 11
GRADATION L IMI TS FOR RECORD CONTROL SAMPLES TESTED.

B ATTERBERO LIMITS I [ACTIV.ITY vg LIQUID LIMIT

A 9
RANDOM ZONE

LIQUD LIIT-ORANOM ONE.STAE I 70STAGE K -
0-TEST R TEST 'S'TEST .0I

30 0

It

0 
INA C T IVE-- - #..- N O R M A L -- - -

00 0 2 0 40 50 60 T0 80 0 04 06 08 10_ 1 6- I;2

LIQUID LIMIT ACTIVITY
AAkE

54 3



DAT ORD CONTROL SAMPLES

TAGE L LI UID LIMIT-60 RANDOM ZONE

ITY I WATER CONTENT 'Q ET ET R"TEST DIRECT HEAR
AN:-E wOPT co . "N'E. ''s R.. . .- _ . ..I.. . . .. . . - . .. . . . . . . . . . . . . . .

SRANGE I OPT INITIAL RANGE !oRT ToF o F - op T_ -
- !! IL __ if

* '--' .. . " -- - -- -- ----- -"---_- -- - -8-- -j - - - - --204 1002 ~ v 0052 10 0 0456 01043__ 22 22.z .20 0222 050

97 228 246-251 96-97 00351 105 1 0456 007 t 0240 0.20
i02 22-29-2-46 -9 0 -026 lOS 0.14 0 00-960-1 -
loso 204-21.3 100 0009 18 0 466 028 0259 073
1206 194-208 98-100 0044 /078 1,0.577 0 0335s0.

t THE SL 'MARY "A 3E ABO¢E wiRE VERIVED FROM A BEST FIT TANCENT TO 14E MOHR'S CIRCLES FOR EACH SAMPLE TESTED.
TM THE Pmv'i PLO1TED AS DE51GNATED BY THE CORRESPOINC MOHR'S DIAGRAM.

PHYSICAL SOIL CONSTANTS
UtIT WEIGHT DESIGN SHEAR STRENGTH-

A TERI.L P.C.F. 0 R
SAT. MOIST C(T.SXI 0 TAN 0 CI.S.FJ 0 TAN 0 CiTS.J) 0 TAN 0
1, ' ' , 0" Or .0,00 0.10 I 1 -.10 0.1)01 l6. ().U)

6cRR 25 "5 ',9 '). o 000 0.20 ti. 3 0,20 0.00 19.8 0.36
*, .'. -PON,, , . 3 .O 0.1)0 2 O6 0.50

'AN 662 G' ..., *yEN. 1'. 0.20 U.00 b.6 0.5,0
41 J.1 0.00 31.0 0,6"

OUA , , 01oG I6.T 0.30

£4' "'IVITY ,I LISlAI) LIMIT "I-- -P B -
1

LIQUI LIMIT -6') I
RANOCM ZONE

STAE n "

KASA 0", NM 1-.U

ACT IVITY. p -tUTEBUERVRMSOR
1 .lzMROsW8E uJ LONGVIEW LAKEA

IS .11 C)5 EMBANKMJENT CRITERIA AND
0 PERFORMANCE REPORT

q A cTEST DATA SUMMARIES
LIOUID LIMIT-60 RANDOM ZONE

STAGE 11
RGT/AWE AS S.'0N

___________________________________________________RBL-3-1I461

3 21PLATE NO 61

tO



53

STSIENGTH FROM fTErSTS

LIQUID LIM-T--6O
RANDOM ZONE

so STAGE It

LEGEND
(n

CL ~ - m
4,

30

20- -

IC- -DSG SHEAR STRENGTHI

it,ALLI.Y SFCTION)

B~~C0 Tjffl 9 CO TAN-03 -

0 20 0l 4 0 5 0 6 0

B NORMAL STRESS (TSF)

(01PL II POINT OI,4.4

JA IN.1 Nof UImII4 14,4. '- . fES! UN TO15 iS 7 6161 444N4.44A Iri,

4,P[ ti, 44444NV L01

F I-,,. 'HE H RC0NCrTI

Pi OIT TEF I.'14

A0.

TOTAL STRESS "R" EFFE
MqHRS.DIAGRAM mqOHR'S DIAGRAM Q

5 4 3

t



V* TESTS

LIQU.ID UtNT - soID

t -l OESIGN SHEAR STRENGTH
C.0 20 TsP. TANO0O

10 20 s0 40 50 so 70 so

NORMAL STRESS (TSIF)

'0' TESTS

LIUID IMIT-60

40 RANDOM ZONE-
-. STAGE rl

I-

DESIN ShAR SRENGTH

13 0 20 30 40 'ho 60 70 60

so NORMAL STRESS (TSF)

tl~ AY

rALlf 1.

LSDNV L I(Ot

~. ~ 2U S ARMY ENGINEER DISTRICT
CORPS OF ENGINEERS

KANSAS CITY, MISSOURI

- S.g~ I, Tm I. tISE BLUE RIVkR. UIS$S0Ih

MQH '. -- EMBANKMENT CRITERIA AND
TN l10Ha* PERFORMANCE REPORiT

EFFECTIVE STRESS MAW SHEAR TEST SUMMARIES
MQ~,$ .W GRAMLIOUID LIMIT-60 RANDOM ZONE

IA 0 tIR -Q) 0 -AMSTAGE 11
RIW/WhE AS SHOWN

J~:q RBL-3-1462

2 1PLATE NO062



7,I,
F5 '4 3 _

DATA ON RE-OR -1 COWTROL- SAMPLES

STAGE II LIQUID LIMIT-65 IUPERViOUS ZO

MOESAPE CLASSWIICATION DRY DENStiT INATIE CONTENT
HOLE _SAMPLE L_________ ___r___r_________,__-

- NTEPT H R I CENT ,
' DEPTTSYN L L P L P 1. MAX INITIAL RANE OPT 1IIAL RAN"E

W44545~I C-L----o- 2-3 -9-92 1-3 1061 -27 20.9 - 21.8 9fi

mCI 55 17 s6 977 90.8 - 101 i 207 23g6-241 1959 4

C/ "H 56 25 31 97 SI3 1012- 1024 233 2. 49 9-.

--es CL 49 16 33 102.4 04 5- 105 5 197 212 - 216 94-99

o' -- __, 1 _.__ BORROW __5 - .S O.-- 0

U -45T 64-69 CH 64 16 40 994- 042 22.6 - -O49 •31 102A1 - 104
.1 . .... PRBIE ABOVE WEE EIVD

EXCEPT H S EAR STRENGTH P ON ZHZ SA,
TAE A* TEST-EFFECTIVE STREIS STRENTH PARAEICERS WERE DERIVED FROM THE CNRLS PISOTE AS DESGNATED BY THE C11"

,vnca ,.,eTa- u. s z.0. SToE 1 o .0U0tA! _i.'' ,..osz.

PMY4CA SOIL

0 ,', '"r-STUNIT WEIGHT
0MATERIAL P.C..

'., ' ~$AT. MOIST CIT.SYJ 0

BERM 115 10 0.45 0.00
HILLSIDE 8B'RROW 125 115 0.90 0.00

. V AILE, BORROW "25 o . 40 oc.r -
FO . ~UNDATION D ER8L'RDEN 115 . 00 0.60 0.0'
SHALE PEGAK 140 140 -

40SHALF E IDUAL IA0 1 -

- T LIMITSACTIV vs LIQU LIMIT

', o L______ _______________-- _____. .. ..

~SERTSSLIQUID LIMIT .6 MPR65SZN SAEI

, TESR LIMITS ACIVIY v.LIU LIMIT I.

LIQUID LIMIT-65 IMPERVIOUS ZONE, STAGE K1 _, 701 LPIQU ZOMNE

w 'Q TEST 'R' TEST '5' EST ol rG IPR IOU E

A A

10

300

7t .

0 0 20 30 40 50 60 70 s0 90 0C' 0NA0TIto

jIjUID LIMIT 04 06 08 1



-|3 - _ .. . . -- _ ____

IS ZON TAON MCOR CONT1ROL. SAWLS MS
31 L~v UmT6 AV4ERWOU ZWN

fl i. "o __"_____ rr I ,E~ m

WATER C09NUNT *a TEST W TEST Ro TES I S o Tc

Atl4 - -- - AAN Di 
TAM 

I
1  TA C 

DEI NGE OP INITIAL. RANG j 0 TSF * TSF 0 TSF 0 TSF

---I ---- - -o,. . - -. ___ 

" 1 3

------------------------ ' ---- o., 4 o3 - o ;0--- 1

-99 .; -- .33" "'*4 249 9.-97 0.045 L13 o.39 Of', CL213 030

65 212.-.21 94-99 0040 L50 0.344 021 1 0216 -53

____-_--,.- - ,-+ 1~+ + oo o .

'2226 2&3 L110000 4 340 I056 0.9 6
,41 22.3- 235 9-9 I 0070 an ( I

01 A________

St,1! TABLE ABO E WEKE DERIVED FROM A BEST FIT TANGENT TO THE WOWH S CIRCLES FOR EACH SAMPLE TESTO.

rI POINTS pLOTTED A5 VESIGNATEO BY THE CORRESPONOI MOIW'S DIAGRAM.

SOIL C

PHYSJCAL SOiL CONSTANTS 
C

UNIT WEIGHT DESIGN SHEAR STRENGTHS

0.00 0 SAT. MOIST CIT.S.FJ 0 TAN 0 C(T.Sh) TAN 9 CT.FJ 0 TAN

0.00 0 w5 i 0.45 0.00 0.00 0.10 11.0 0.20 0.00 16.7 0.30

0.00 0 0 5 5 0.90 0.00 0.00 0.20 1.3 0.20 0.00 19.8 0.36
0 0', Ar13R0 5 N5 0.90 0.00 0.00 0.20 .3 0.20 0.00 26.6 0.50

ON OVERLPFOEN 115 No 0.60 0.00 0.00 0.20 103 0.20 0.00 26.6 0.50

PA, 4f '40 0.00 3I.0 0.60

P " lSIOA L .o '40 0.00 16.? 0.30

ACTIViTlI vs LIQUID LIM1IT

IMPERVIOUJS ZONE

STAGE fl

60-04

5-0, 0--

NORMIA.

* INACTIVE- .* NORMAL -04 ACT IVEU AREtER-Stl

10 f 0NEEAS
.. . . . .4. .

k A N S% A S C ITY" M IS O U R I

IIA2 MI~ # *ITi ILl t 81. RIVER, .MSSOURI

*BE LCIN.V9IF LI E
.e,-. EMBANKMENT CRITERIA AND

P RFORMANCE REPORT
.... TEST DATA SUMMARIES

LIOUIO LOMT-65 IMKRVIOUS ZONE
STAGE It

'A w.+'° RBL-3-1463

3 2 1 PLATE NO 63



C.O ST0G TS.TN .

IC 2~300 0 4

SHEA STRENGTH
t-O 0036.TA -02

10 2. 30 40s6

0TESTS

LIQUID LIMIT-45
IMPERVIOUS 'ONE

40 STAGE u

0

',DESIGN SHEAR STRENGTH

C-O9OTSF. fANO.00

1. 0 3 0 50 e0 TO

NORMAL STRESS (TS.F)

F, rANf.0 36

U SARMY ENINEER DISTRICT

CORPS OF ENGINEERS
KANSAS CITY, MISSOURI

0..g~..1~ -- tLITTLE BLUJE MRIL. MISSOURI

OWE LONGVEW LAKEAN A~' -" EMBAWMENT CRITERIAAN

JosB SHEAR TEST SUMMARIES
-~ LIQUID LIMIT-65 IMPERVIOUS ZONE

- STAGE 11 -

AGO/OS .;-. . ..f.
I AS SHOWN

f...

RRL--436
3 PLAT NO 2



DATA ONRE-CORD CONTROL SAMPLES

~7 ~I~ULLM;6~ -ZONE

RCi6v-22 CH 57 Is 41 99.7 13- 20 195b 20.5 84-9 0

RC-92-21 CM 62 It 46 97 o1, 0- .016 22.6 240 -244 939 0O(

AC,452-16 CHI 54 16 3S 100.2 1053- 1065 216 21 2 -219_ 98 0(

78*2. 50 382.
PP-5I I8)93 CH 8 20 5 1032- 9062. 08 89-92

8-2)3 CH 65 I8 47 j1041 -105.0 22.2 - 22.5 IIC0)_0

PE9-25.4-5 CM; 5 21 31107 5- 10_4 184 - 193 93-94 0(

NOTE: EXCEPT FOR THE * TEST. ALL SHEAR STRENGTH PARAMETERS PROVIDED 0ON THE StjARty TABLE ABOVE WERE DERIVED FROJ A BES'
TE* TEST-EFFECTIVE SRSSTEGHPAMLSWREDERIVED FROMA THE PO~IS PLOTTED AS DE-SIGNATED By THE CORRlESPO'

M" If,. --

PHSCLSOIL CONSTAN

BERm C5 0 0.45 0.00 0.00 0.1

. ,SHALE -RESIuX. 140 140-

- 00 ~ 0 1 * S o 1 m1

ACIVT vs LQUI
SHA TESTED

ATTERLIEUI LIMITS 657"
so LIQUID LMIT -65 RANDOM Z NE . STAUGE 1 ~ RAN~ L U D OLM IT-O65

V~TEST R' TEST 'S'TE ST .A
0  - ANO ZN

~ L. ~ ~ 4STAGE n
/00

4,I IATV NORMAL

L I UIAL I I A C T I V I T ~ -~

5 43



-- 3 - __ _ __

ONRECD CONTROL SAMPLES

E

E L L07-65 RAN"O ZONE

WATER CONTENT "Q TEST I TEST R rEST DIRECT SHEAR
INITIAL RANGE m A C TAN C TAN C TAN CT.S,~ T F. S.F ]l .F 1[TSF

205 84-0 0240 ISO 0456 033 027? 025007 - ----I -

22.6 240-244 9 0037 130 0444 O.Z3 0249 0 53
009 -- - -jj - - - - -_ 2 2.2- 29 so 00 6 1.23 0.445 0.33 0243'073 0507

. 201 - 20 69-92 0417 0

- r 0 222 - 22.5 t0 0 1.50 0.204 015 0498 042 --
64- 3,3- 93-94 003 225 0.34 009 0313 0 "0

E "'U j TABLE ABOVE WERE DERIVED FROM A BEST FIT TANGENT TO THE MOHR'S CIRCLES FOR EACH SAMPI.C TESTED.
PLO F'L0

TT
ED AS DESIGNATED BY THE CORRESPONDING MOHR'S DIAGRAM.

STANTS PHYSICAL SOIL CONSTANTS -C

i.SIGN SCE" mt WENGHT DESIGN SHEAR STRENGTHS
P,C.F. 0 R S

0 CiT.S.Fj SAT. MOIST C(T.SJ2 0 TAN e C(T.S.J" 0 TAN C(T.r.FJ * TAN 0

0.0 It go 0.45 0.00 0.O0 0. " .3 0.20 0.00 16.7 0.30

0.20 f25 16 0.90 0.00 0.00 0.20 0. 3 0.20 0.00 19.8 0.36

' 5 5 0.90 0.00 0.00 0.20 ".3 0 '0 0.00 26.6 0.SO

L'. 01.5 S ,) 0.60 0.00 0.00 0.20 ".3 0.20 0.00 26.6 0.50

'40 140 , 0.00 51.0 0.6C

14C 140 0.00 16.7 0.30

SLIQUI1 LI MIT- 65

RANDOM ZONE I704, STAGE n

,. r

i i T)

'4..- ' I oa.

R.,iShoflS - _

'JO.- -, . ' ---"----. ------. -- -- l+ _. -d --

AAL INATIV-NORAL CTIE t S ARMY ENGINEER DISTRICTI
-.. J -. . 1CORPS OF IENGINEERS

I T J ' 0 4 0 6 0 6 " 1 0 1 2 1 4 6 I s N & V a S O R

ATVT-% PA 3 MRN . ... LITTLE BLUE RIV ER, MISSOURI"
ACIITAS MIRN ' a"" . LONOVIEA LAAE A

VS , Co.'S EMBANKMENT CRITERIA AND

- -- s's. t-.',. PERFORMANCE REPORT

...... t TEST DATA SUMMARIES
EO |i LIOUCO LIMIT-6S5 RANO0 ZONE

.. - - STAGE II ..

ftOI.8 .. AS 51O4 N 51J3 t

,." ,. F. - .- ,, - - i . .

3 .2 1 PLATE NO. 65

t



LIQUID UWT-65

RAMON 2E I

*1~* T TC~MSTAKEA

-SIPI H LOP - ESIGN SHEAR STRENGTH

PLTTD VALLEY S:CT1oP,)NOMLSRS SF

- -+ --- --------(

MOHR S DIAG;RAM

3 111R~ 01~~RANSTRENG~h F fl'' STRENG-14 FROM*WTESTS

LNENT E.VFLOPE LIQUID LIMI -65 i
PJ'oucJTo 1M RANDO0MZONE -

P--- II

7- A - -7 1 A C H

TOTAL STRESS "R" Al -tOESIGN SHEAR STRENGTH

-0 -.C0TSF, TANG-036

YIP PLCOIT17 POINT CDARESPOW, T0 Ilf fAILUAC

ph Ill I fl( 0$ MA foULA VIO, I A AIkA 10 20 30 40 50 60 T0

S~ VT TH u ~ I $J l N O R M A L STRESS (S J

EFVECOTVESR S
NV R~I~ 

A 1'. 01 ---



4,- 
- '-- - _-----T _----T----------

L10U LWT4
.. z O. ~ m - I I

II STAGE I
., I D

I I

10 20 30 40 50 60 70 a

110

92! STRESS (TSF!

_ _ _ _ I
45 6

c

[ .... . 'Q- :ESTS " .
LIQUID LIMIT-65

RANDOM ZONt

4014

0- L cm

IJ0

DESIGN SHEAR STRENGTH.

SNORMAL STRESS rSFI 70 8

IE AR STRENGTH
SECTION)

TANOI

70T

O-- ""• --- -- 4-

U SARMY ENGINEE- .CT

CcrMIP OF ENGINKENS
KANSAS City MISSOURILILE * rUE RIVCR. IE SO RI

w E L O N V I tI L A K EAas ", C." EMBANKMENT CRITERIA AND-.- - PEOR ANCE REPORT

Jos SHEAR TEST SUMMARIES

LIQUID LIMT-E.5 RANDOM ZONESTAGE I I

j.- -- 50

ItEARe STRSHOWTN

c w RDL-3-1466
2 PLATE N 66

* -



VA

DATA ON RECORID CONTROL SAMP'LES

STAGE U LIOWJ LUMT-TO RADOM ZONE

CASSIFICATION -~DRY DENSITY WATER CONTENT 0TS ET *TS
LL P .L. PI. WX TTLW= OT. AL RK UM S[alp BATIAT. T.S. * j*V..F

91010. 2-. .- -L I4I

coo2~ -.11. C0 1"? "A472. 2 23.7 224-28.A OS1L0. OS AV O3O

iK -1 t-L IV Is- 4 2.-M 0- L-- 05 .7 0
6.3-tA CM 7 20 82 QO.-102.2 _ 22.S-23.2 ~o~, 06 054 02

3u.23&6- 3.6 Ts Z 6so" D 0 0.5 * 0."4 0.4

78 22 86W-95:4 21L4-S21. 1008 0.16 1% os 0S 02
1.44 0.4-6.1 CH 8? 19 38so110. 28.o -.8 WOO8 CI0. 0 O* m WS 0

4~~s cm -0 a086LI192092. 0.8 046 0,40 0.24 040

12J2.' " I S 64 11840. 23.7-24.2 0 LOD 0. 0. 0.2 0037 0.50

NOT&s EXCEPT FOR Tot *ESTau UL SK* STREWNT PARJANEms PROVIDED ON TN( SUMMAY TABLE 4W WERE DERIVEOM A0 BEST5 fly tAUCO? TD TIC o"15 CIRCLES foot 8WH SAPLE TES*N frEST-CIF(CTIVE ST9CSS STIATW PARAMETERS NM DERIVED FROM THE POINTS PLOTTED AS DESIGNATED Or THE CORRSPOW"GU MO S OGM

PHYSICAL SOIL. CONSTANTS
L.38 OFIGNI DES"G SHEAR ST. .. MATERIAL P.C.F. 0 R
$AT. MOIST C17.SJ) 0 TAN 0(1S.51,

SCEA AS so 0.450.OD00.00:0.0 .3
ISI 00 126 PS 0.90 0.00 '-%00 0.20 1.3

VALLEY BORROW 5 fps 0.90 0.00 0.00 0.2o0 .3
F0.CIAI OVE1410(14 #5 so 0.60 0.00 - 0.0 0.20 .

NALE - PE" 140 40
SH4AL. E SYL 4 140 . -

L10.14 LIMIT - 70 RANDiOM ZONE STAGE 1:
GADATION I 'ITS FOR RECORD CONTROL SAMPLES TESTE0.

ATTERBERG LIMITS ACTIVITY VS.IOUIQ LIMIT

SWEAR TESTS LIOUID LIMT7
TEST TESTRANOMS ZONE

w L O I LI I - 0 RA NOM ZONE STAGE It 80 STAGE II ,

50 70

J,

40 20 3 0 00 7 0 9

5 440



VALIJ
VALUE ENGINIWNG PAYS

*S* 3'

DIRECT.VTS
TAr *TEST "W" ST O T D

TAN 0 
Dow AN 7F

rTAN 0l Ts. Ttx 0 T.Sx. TA# .S.F.

0. O . 0.25

S oma OJ3 as OAT 0.2

0259 O.M 0.314 OA2
0.534 0W m

o.S3 0

0.%6 0.0 0.394 0
* 0.464 0l 0.364 0.13

OMS OZ2 0.222 025

0. 2 C 0,34 0.49 0645
0*27 D.4D 0.4 0.40

TES 0.3 . 0 " 00l3 0.)0

to HeE "' COKLtS FO EACH SAaPU 1T[TE.

Th E&i 1o4rCAA. SOIL CONSTAN4TS -

R WEI T DESIGN SI(A STRNGTHS.
* TAN eC.. 0 A $

3 . . MOIST (T.,J . 0 TAN 0 CI.SJ 0 TAN IP ..!J 0 TAN

3 so OA 0.5 (00.00 0. 403 0.20 0.00 *.? 0.30
3 0., 16 C, 0 0.00 000 0.:0 0.3 0.20 0.00 t9 8 0.36

.3 0. 1 0.10 0.00 0.00 0.20 L.3 0.20 0.00 :6 6 0.50

SO 040 0.00 0.00. O .O L .20 0.00 34.4 0.6 0

. . .40 0.00 $&' 0.30

VS. IOUD LIMIT
IIT-TO

I -

'dE

* ~~~-T- Date~!iL.______ 0~ Approv*4

U.S. ARMY ENGINEER DISTRICT

" i * CORPS OF ENGINEERS; i i IKANSAS CITY. MLSSOUR I

Ivt* NORIMAL f ACIIVE jTeIUAV0.S(I

1.4 ... ,__ LONGVEW LAOE A
0.6 0.8 1.0 1.2 1.4 1.6 1.. EMBANKMENT CRITEIA

*'~ ~ N p~" Fo PW MACE REPORT

ACTIVITYx P.h_________TEST 
DATA SUMMARIES

, . PASS 2 MCRONS R.A.C. LIOUIO LIMITTO RANDOM ZONE
STAGE 11

A.L. .... S2 Ico
S-..- - 0".' . .00.. 2VLAPTS0

ft.G.0.~ - - j~ RBL-3-1467

3 2 PLATE NO.67

A



S' TESTS1 
NTET

~~~LIQUID LIMIT -TO'' 0ET

~~~~RANDOM ZONE RIOMZN
DSTAIIE U 

STGEll

__L_ *C"I___- 0-- CL 0- CH

f'a STRNG- 1.so
C - 0 0I . . T N II - - 4

OEIBI EA STRENGTHS FRO 'A ET UDLMT-T

LIQIDOIT -rTANO 3 RA; DO ZN

R A LEM ZTON 
i

STG l40 STAGE U

LEGEND I 'LEGEND

A~~- CL A- -- *-_C

2.0.

I -%

-DESIGN SHEAR STRENGTH ~10 2 f NORMAL STRESS

B N!ORMAL STRESS (TSP)

RUT~T N O 0 5 TRAIN,

fREI~NCTH -STRENGTH N GP
£JVfl OPE ENVELOCT Em

/---PLOTILOW N ;,ITI

2.-

MOHR DIARAMTOTAL STRESS "R"M O H U _D I A LR m Q k R _'$ _ t4 G R A Y

54



13 11---71105--IT--- 2

' TESTS
• IQI , LIoSI, T 70

RANDOM ZONE

5; STAGE tl

0 iCL 0i C

'I

... I I

C.00 I ESG HA STRENGTHI CO2TSF. TAN 0 0.20
I 40

IESS (TSF 10 2.0 3.0 40 5.0
NORMAL STRESS (TSF)

LQUID LIMIT - O

RANDOM ZONE

LEGENIDi

LCH C

SDESIGN 8HEAR STRENGTH
I C-0.90 TSP. TAN 6 -0.0

RESS 'T 20 5~ 0 50 6.0 70 8.0
NORMAL. STRESS (TSP') B

L eT CN A (O

%,j C.01I IT T HE , (IAtJ
I-t--" .-IkAI srB t.A M&

i i ' NGTH

F'L (' T 10 1 - R (iI

/ U S ARMY NIOINEER DISTRICT

454/2 KoANSAS CITY, MISSOURI

- .-- L- -. - ------ TL8tER-E.MISSOUI A
8I E ONGvIE LAKE

S- ------- EMBA...ENT CRITERIA AN

-OR-SRE )PERFORMANCE REPORT
EGM SHEAR TEST SUMMARIES

TRESS " EFFECTIVE STRESS LIQUID LIMiT-TO RANDOM ZONE
DIAZRAM( N", l QUH IA ,RonSTAGE 1--

- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - -- Ti I I
WOE IN GD ~ AS SHON .,

2 PLATE NO.68

t P~
a RYENIEROSRC

-iOPSO-EGNER



4VALUE I

DATA ON RECORD CONTROL SAMPLES
STAGE No UNSPECIFIED LIOUID LkAT-BER'. ZONE

IDHL A t& CLASSIFICATION DYENSiTY j WATER CONTENT *I* TETTETET RTS
ND O DEAPHL - T--F - T INITIAETLRTET -IRCNO EPTH . L.L. P.L P . MAX. I A NGE Ropf RITIAL R NoE -T , A 0 -.-75 ..." -.. . . .. ---- ..... t . - .. . ... ... - C.. .... .. . . .. -:-" . .... . -

INITIAL' TAN27 iss 0 .59 TAN 0 TAN I T.S.F. TAN
- - . 0 5 6 4 9 9 9 5 .0 -1 0 3 .4 2 1 .8 A2 - W ? T-9 0 T 0 P o .20. 0S3 549.... ... .. ... .. ..... . 0. . . ....20 . . .... . .20.0 4 u4 0.20 0.20 , _.. ....

..... 
- - 

.. -2--....-'9---. 26.. .-27 .3..... .... , _ " . - -, 02 030 -- - .

j72-' A3.0 C?9 6.2 4041 0..-OI. 02.29-6
-25 1 CL 3 - - 69.2-906.8 -- 20.7-21.53 95.384 0.05201033

13.0 CH S4 I O. 052. 96-9? 0.249 2.0 o.364 00 029 0325
NOTE: EXCEPT FOR THE * TEST. ALL SHEAR STRENGTH PARAMEIERS PROVIDEO ON THE SUMMARY TABLE ABOVE WERE OERIVEO FROM A BEST FIT TANGENT TO THE OHR'S CIRCLES FOR EACH SAMPLE TESTET

THE 'R TEST-EFFECTIVE STRESS STRENGTH PARAMETERS WERE DERIVED FROM THE POINTS PLOTTEO AS OESIGNATEO BY THE CORRE'PONOING UOHR'S IAGRAM.

*COMPOSItE SAMPLE FROM RIGHT ABUTMENT SEEP AREA

. .. . .PHYSICAL SOIL CONSTANTS
. , UNIT .IGHT DESIGN SHEAR STI

MATERIAL P.C.F. 0 R
SAT. MOIST C(T.S.F) a TAN 0 aCT.S .J

t BERM iIS 10 0.45 0.00 0.00 3.10 1.3
HzLLSIDE BORROW 's 15 0.90 0.00 0.00 0.20 1.3
VALLEY BORROW 15 .5 0.90 0.00 0.00 0.20 '.3
FIOUN ATION OVERBURDEN S 0 0.60 0.00 0.00 0.20 1:.
S H A L E - P E A K 14 0 ,0 - - -

SHALE - IESIOUAL 140 140

UNS'ECIFIEO LIOIAD LIMIT BERM ZONE STAG II
GRADATION LIMITS FOR RECORd) CONIROL 'AMPES IESTEO.

ATTERBERG LIMITS r- ACTIVITY VS. LIQUID LIMIT "SHEAR TESTS / I LIQUID LIMIT-UNSPECFIEDS-H--A R -T- T - BERM ZONE
LIOUID LIMIT-U NSPELIFIE BERM ZONUSTAGE 11 .0 STAG E

'0' TEST R' TEST . i. _S.

//

/'1.7 /.

/3 0 : 3

4~ 40

I I ¢' ~30
7 7

10 20 10 40 50 bO O 8( 90 ,4 0 . . 2 1~I0 U,4 -. -~ .-'. . I,
LIOUID LIMIT

53

4



VALUR ENGINERWO PAYS

'S" TE
IRE"T T W TEST "s" STDIRECT SHEAR D

AN T C A. .I TAN ..

0 .203? L .. 4~-

- 0.5- 0 .2 o .....

0.384 0.07 0.249 0.23i

ESTED. 0.364 0.20 0.9 0.325

t TO THE W0HR'S CIRCLES FOR EACH SAUPLE TESTED.
, DIAGRAM.

STR PHYSICAL SOIL CONSTANTS
R JMT WEIGT DESIGN SHEAR STRENGTHS

0 T P.C.F. 0 R S
o.3 SAT. MOIST C(T.SJJ 0 TAN 0'CIT..;J 0 TAN 0 C(t.S1J 0 TAN 0
,.3 ..5 0 .45 0.00 0.00 "0.10 .3 0.20 0.00 16.7 0.30
v.3 25 35 0.90 0.00 0.00 0.20 R.3 0.20 0.00 19.$ 0.36

. 5 15 0 10 0.00 0.00 0.20 N.3 0.20 0.00 26.6 0.50

o 0.6c 0.' .0, O.oG N.3 0.2u v.W. Z6.6 0.50
41, 0 0.00 31.0 0.60

, 0.00 16.7 0.30 4-.

B

10 LIMIT
)ECF!ED

*. "

.. A:40 PER'c4*A44 PEP11
k,• TEST DATA SUMMARIES

.JNSPECIFlEO LIGUIC LIMIT BERM ZONE
4.' , , . STAGE It

....... I________ P81. ,4W



5i

iD

c

SSTRENGTHS '-OM TESTS -4

UNSK01FIIED LIQUID LIMIT

BERM ZONIE
STAGE It
LEGEND

40

r---

tt

I A,_ __

-- DESIGN SHEAR STRENGTH

(BERM ZONE) . A .3

4 0 60
NORMAL STRESS -TSFI

I A"o--
A, I " I

TOTAL STRESS R EFFECIIyE

KAOHR'S OIAGRAM MOHR'S O

54 3

-'i> ° --- -T ' ' -I---'



tCIF40 LIQUO LIIy

SEM ZONE
SIAGE a

0- 9- cm
40

/oo

IL DSIGN $ME Ali STREWSOT
C-0 10 TSF, TAN 0 0SO

o 0 0 40 D

C

'0' TESTS -

UNSPECIFIED LIQUID LIMIT
• ERU ZON4E

STAGE U 01-

30-- CL * CH

10 2 0 0 t O o 70 so0
4hh1 [/' J

It 1

T$, , o11N, EKPO ;I

' :,S SHEAR TEST( SUMMARIES
EFFECTVESTRSSuNSPECIFiED) LIOUID LIMIT BERM ZONE

V1I4II.A EFFESSV STES0SAG 
I

MOWRS. DIAGRAM ,,. TG.I

-w f-3-147O2LT "



VALUE R?

5 4 3

k UI LOAT-55 WEVMS ZOF4E STACE I

NEC~ CNTRL ~SMe CLASSIFICATION DATA STAMMOJ COUACT04 TEST DENSMT
FIELD MAD. LABORATORY FIELD MAO. LAB SAMD CONE~ Dt

SHEAR TEST COMPAC Tomf
SPECUEN TEST' SPEcww, OPT. OPT. A CI. W~

MJMK~~~~~~tr $!T AEEE. L i CAS-% "-R MOM.I max. DAY kOIST. DASIY eCW-~ *ANTE'
LLR 51 T AIE 1V I P LS DENS11Y CONT DESTY CONT. RI PC"ONE

LI t CLASS LL P1 CLASS IP.C-Fa QVj - F.C.LI (X) (P.C.F.) (V. '

co,3 424i O40.1 S03, C46 cm ? 21.1 91.2 23.5 %I.6 M94 .

R46 W0.34 0.si sTO. 40 2' ~ ~. -04 i ).6 4*6~' A 4.9 00.,
ItC.V Its 9.%' 1.0 44 051 19. 05. 0.2 ~ "e os 07.3 )O?..
I3AA " -. 900, 6.'. $36.5 so 9p~"4' 97A4 *U0.4 1013J

J Q 12 44.f,o 0.0%,. * ~ A? 44 .'.1 0'' 9 0? ~ . 0A~
re'? M .' .0.a !'0.34C 4 V4' .. 4 4.6 404.3 '.

*K M4r jf 0 A'0 S
7 

M .Jf4. 4.*''4 444o 441
0

',,f 4.4 4'

£444 .14,1 .44AO 14'.* 5MIlliS.
'44 0~ *'6I..A10 844' oNINI ,4f f1" omAAT2 w.4.C ,A ya: o

'4 I44' "Ot p 744 A *A4 "Ijff ' 40f((1'* W

COMPACTION CURVES LIOUID LMIT -55

LIQUID LIMIT-55 WE OSZN OR :

IWERVIOLIS ZONE

STAGE i [fP- IIA1. I"(E?

*414

05N t4 1.

4".

S. .'''45

,,/./,' 4'4'

'04 p 4,1 14 .A

' 4, ?

4.4.4 '4

.44 , '4 C,

4 .8 "0

14ki

5. - 44



E Bl
+ VALUE ENGINEEINO PAT

. .. ...._3 . .. . . 2

NSIT_
o 0 comACTE TST DENSITY AND MOISTURE CONTENTE D DC CIC4TS

MAD. LAS SAWQ CONE DATA I*NISTUASEO DATAWATE . .: . . . . . , . .
CONTE, OPt OPT

"s'-'1OST. wsAL CT IRY COM-R' WATER WATER DRY COM- WATER WA:ER
ONT.. T CONT. ENTY PACTIONCONTENtCOWTENT 0ENSITY PACTION CONTENTCONTENT: .() p j7fj (..J () ( W-OT (P.C.F.) I= (y) (+-70PT)

3.3 3.5 9C6 " 9. 99.4 27.4 +3.9
'9.3 6 I$ '.9 '00.1 24 *4.6 IDT.0 a.l 20.3 .3.8

, -9.$ 0 0TA 1.3 '02. 2 90 *".2 0T.1 102.6 19.2 I.4
'3. 9T.4 2L2 100.4 10i3 24.0 .3*6 99.6 102.3 23.6 -2.4

9,7 ,0.0 1.0 "0.2 04.0 f9.9 -0.9 l7.1 04.6 19.2 '02
"4 1% 02.2 im i)'l,9 *4-d 20.S *-.8 *).5 414.2 20.6 -1,9

""*.3 CUj . , '04.3 00.5, 21.9 +3.1 IOU 91.4 24.3 .5.5
.".9 9.1 .3 00. W 00.8 2 8 2.5 96.4 9F7 21.2 -5.9

m.3 to. T 102.3 9T.2 21.1 .2.4 104.4 9.1 21.9 '1.2
0'16 20.3 9t.9 90.5 22.6 2.5 99.7 98.1 24.7 .4.4

95.6 24.! ".0 '02.5 23.5 -0.0 99.9 104.5 23.0 .$.,
.' 22.2 '04.7 *07.1 t9.7 2.5 '06.9 '09.4 20.4 -1.8

Z F Li T-55....

OUS ZONE MISSOURI RIVER DIVISION LABORATORY DAIArAGE, I
!AT R PE I

3(PT,. 'NTENT nENSITY SATURATtON . rL 0l SPECIfC
1,:p (LBS'1 3 ) il..RAVITY 4

.4 .. IV') 98

1,4 <",6 96
... 101.6 14 42 0, :

14.' (b4 9s",'f '06 ' 95

A 4 A',2 95

. b oz2 94 2 b4
.b K.' 42 2.6B

.04.4 10?.(, 119 2.66
1. 09.5 95 2.65

'A. 9 2.6s
' ''04,1 4 91' ".6.

0.4 9 
7.0&4 048a 4? 7

4 . , '9.. 104.A 8 42 1

4' , '03.6 9

19, '0'. 90
'6.8 '01 4 9'e 4.1 1? 2'

03.0 91 43 t S Z.60

~ ' '( .9 79
S9 ' 04.3 93 

,... a, ' " ° " 1 0. .- : i!:_* 4 9. 04..2 91 V.;7vol;ll':':1

4~' /. 0.0 Ali 
.- '

4' 06 0. 90 49 is3 /6

U.S. ARMY ENGINEER DISTRICT
COPPS 0 C ENGINEERS'N 4 " A tD ', ( GRA LVITY "y .65 KANSAS CITY, UMSSOURI

A.1u (H A K DIAMI 11 8J(I I AUG ,iS P CL . M ' .LITTLE OLIL RIVER, ISSOURI
R,G,', j LONOVIE W LAKE

US, .'." EMBANKMENT CRITERIA
VVI- 'AND PERFORMANCE REPORT

LIOUID LIMIT-55 IMPERVIOUS ZONE
STAGE I DENSITY AND

... COMPACTION TEST SUMMARIES
.,o AS SOOWN j,~ ,

_ _ _ _ _ _ _ _ _ _RBL-3-1471

32 I PLATE NO.71



4 VALUE El

5 4 3 i

D LIOUII LIUT-55 IMPERVIOUS ZONE: STAGE N

SOIL CLASSIFICATION DATA STANOAI COMPACTION TEST Of

RECORD CONTROL SAMEFIELD M.RD. LABORATORY FIELD MR,. LAB SAND CO

SHEAR TEST COMPACTION
SPECIIMEN TEST SPEEN MAX OPT UAX. O PT, I Y Com-

TMAX.RY MOIST. 'ENSITY MOIT. DENSITY ?ACTION
NUMBER STATION, RANGE. ELEV. ,LL PI CLASS ' - , ,'EST ON.P~l4YCN .C..

ILL P! CLASS LL f'1 CLASS (P.C.F.) C/,T IP.CF.) (/. IP.C.F.),

-5-W 9-2-- -W5 . C- 32 CL 26 CL 04.0 22.0 _ 0 .66 9, z
RC-530-9 94.2'5 O~f, u/S= 8.0 4 T : C 4 8j L i '-o~ , z~e ). o .

. . .. S. - .49 .Z U 55 40 I Ch I4 3 CL 101.6 22.5 01 e3 221 9T. 9

I-- RC-591-2O 9550 106Sj/_ 828.0 . 49 - 2 L 5_4 C" 8 C . 981 22.T 99.2 99.

RC-'231 95 O.30u/$ 185
7
.O 1  Si 26 CH 46 30 CL -45 28 CL .5 222 8

2-2-6 93-00 D .Z.....us- '.. L "62.0: 45 26 L 
-
T 28 CL 38 23 C 0. . ''0.5-.8 103.5 03:

-..... . ._ , _ - - -tB. -L 42. , -. O

RC- -2 . 2 CL 33 46 26 CL 96.0 22.5i 9 69. 225 1

*•)UlISTURBED DATA OBTAIN 'O BY AVERAO1NG MOISTURE ANO DENSITY VALUES OF PLL

AVAILABLE SICAR TEST SPECIMENS.
NOTE: ALL DRY DENSITIES AND *ATER CONTENTS ARE COMPARED TO M.R.O. DATA TO OBTAIN

PERCENT COMPACTION AND WATER CONTENT PERCENT PTIMUM.

COMPACTION CURVES DENSITY TESI

LIOUID LIMIT-55 LIOUID LIMIT-55
IMPERVIOUS ZONE K.C.D. L A8

STAGE 11 'N 0'
~~~~~~~IMPERVIOUS ZONE 'SAEI N o.

110 STAGE I I JDRY SAMPLE DEPTH W DENSITY LL. P.L.
?o - ISAMPLE 

3x ] LS T_,)I____

\-NO. LL 20.9 102.9 43 ,

RC-530-19 44 RC-591-20 24.5 97.5 49 2Z

RC-661-23 45 22 98.1 48
RC-682-26 3 84 

C6 tZ 
21,2

RC-70P-2T 46 RC-682-26 17.7 98.6 45 9

RCY-OI-2 21.0 95.9 44 ,

~RC-682-26 -/6t 2

RC-591-20 RC-701-27

5 I I5 20 26 30 35

A WATER CONTENT (% OF DRY WEIGHT)

7K& COMPACTION CURVES ARE BASED ON MISSOURI RIVER DIVISION LABORATORY SIANOARO COMPACTION TESTS.

4 3

t



JE E
VALUE ENGINEERING PAYS

. ...7 ..3 AT2

DLD

iNlDARD COWACTi]N TEST DENSITY AND MOISTURE CONTENT40 CO ...

FIELD M.R.D LAB SAND CONE DATA *UtgSTURB[D DATA

CTION OT.wATER wATER;Z I% T jjD DRY COW- WATER WATER 'DRY Cou- WAE WTR

OITY Oj.* 0 TY CO T. OqENSTY PACTION CONTENT CONTENT DENSTY ACTION ONTENT CONTENT:. .) (P.C. . ) (P .C F .) Q ) W X ,( -W , P T ), (P C .F ) W ?. 17 ,) | -?.P T )

99 4.0 22 . 30.6 20.6 IO.9 102.3 20.9 .O,i 00.0 99.4 20.7 *O.I

6 -Q 22.5 2.3 .2 97.5 99.2 24., .2.4 50L0 102.8 23.2
0 " s 22.2- 9 22.1 99.2 IOU 23.4 -0.7 99.6 ICL5 23.8

1o 4 5 _ )00.5 59.8 03.5 003.0 19.6 .0.2 105.5 05.0 18.9 -0.9

5.0 22.5 W.s 22.5 9.4 , 00.9 23.5 .O 98.' 99.6 23.4 .0.91

EST ____--_____

DENSITY TEST SUMMARY

JS ZONE 6.C.D. LAB m.R.D. LAB4
W0-.R ORO CAO LA Lc ,',A1

OEPTH DENSITY L.L. P1 P1[ DENSITY U.1 .. L j.

1 20.9 102.9 43 25 Is 20.7 100.0 48 6 32

2 24.5 97.5 49 22 27 23.2 101.0 55 IS 40

19 2 .? 9 . 48 2 4 2? 23.5 99.6 46 16 30

17 7 98.6 45 19 26 18.9 101.5 44 16 28

21.0 $5.9 44 22 22 23.4 98.1 51 i8 3 B

U.S. ARMY ENGINEER DISTRICT
CORPS OF ENGINEERS

KANSAS CITY. MISSOURI

.... .... ] m .. . ... LITILE OLLUE RIVER, MISSOURI

R,. K "Y+ C, EMBANKMENT CRITERIA

byf-1o , . AND PERFORMANCE REPORT. LIOUID LIMIT-55 IMPERVIOUS ZONE

R..'. STAGE II DENSITY AND
, ,,- COMPACTION TEST SUMMARIES

... C0AS SHOWN I~'' ooyilO, uo .,. ... . . .
R.C.0. -,', -..... . , - r BL.o,4

3 2 I PLATE NO.72

t



5 4 3 VALUE

LIOW LAT-60 IMwPERVIOUS ZOt4Eo STAGE I

SOIL LASSFICAI~t4DATASTANDARD COMwPACTION TEST.
RECORD CONTROL SAMPLE *L CLSIICTO DATA-

FIELD MAOU. LABORATORY FED MAD. LAB SANE

FIELD

ILCLASIIART AES TI COMACTION T
SPECIMEN TEST SPECIMEN OAP. uAm OPT Y. OP DRY 0

MJ4R !STATION RANGE ELE.V. LL pt CLASS J(SIP6RQ SAMWLE AC% $AWU. 'ADRIY MOIST UA*DYMOtST DNIY PA
LL P CLASS LL t P CLASS (P.C.F.) M I

9963 .% 00 O*0u1 % 5N 612- -- 1 CH~ ".9Hij1  23. 960 23Sf 2 96-1P
9c-36 96.00 I*50u/s 898.0 64 43 CH5 4 C1 4 24.2 96.5 Z2.71'04.5

U46 4" 40 1-.u, -82.0 43 2 CL. 6 2.9 CL..

U46-5,96-40 iI.TOus 826.3 4 25 CI. 45 26 C ,.~'22.2

*UNDISTULBED OATA OBTAINEO B
. 

AVERAGING MOISTURE AND DENSITY VALUES Of ALL
AVAILAB .E SHEAR TEST SPECIENS.

NOTEt ALL RY DE4SITIES AND WATER CCNTENTS ARE COMPARED TO U.R.O. DATA TO OBTAIN
PERCENT COMPACTION AND WATER CONITENT PEACFNT i OPTIMUM.

**HARVARO MINIATURE COMPACTION TEST

COMPACTION CURVES DENSITY

LIOUID LIMIT-60 LIOUID LIUIT-60

IMPERVIOUS ZONE K.C.D. LAB

IMPERVIOUS ZONE STAC( 1i

11 *STAGE ii I
SAMPLE] OEPTI4 DENSITY

SAMPLE B-~ ISF,140. Li1--
L, F' >)3 3 25.6 'L,.I

RC-803-29 51

- ~IRC-899-36 '2 ,.1 - lI II.,

U-746 WAX ' 46 I
U- 746 AX _ . _ .

U- 146 tWAX -4,

C-813- 93t

95I RC-SC)9-3t

U'T46 IWAAI )',I

90

5 10 IS 20 25 30 35

WATER CONTENTI% OF DRY WEIGHTI

THE COMPACTION CURVES ARE BASED ON MISSOURI RIVER DIVISION LABORATORY STANDARD COMPACTION TESTS.

kA

5 4 3



VALVE EGINigRING PAYS

32

SANE ANDARD COIPACTION TEST S ENITY AN MOISTURE CONTENT
F IELD . .LAS + SAND CONE DATA *U MSILM D DATA

tY PA OP.(Y ,ON WAX. DRT DRY COM- WATER WATER DRY CO- WATER WATERTV CONT. DEWSTY CONT" DENSTY PACTIN ONTENT CONTENT ENS11IPAC IOM CONTENT CONTENT
JC.F,) (M.' (P.C.F.) 7), IP.C.F.) Q) (t) (-OT (P.CJ 1 7.) 1.) (.-%OT)

U.3 23.3 94.0 23.2 %J 96j M56 .2.4 Qf.O *31 Z'.' 0.5
i19.3 Z4.2 96.5 22.7 34.5 064J 23.1 .0,40_' 0 . 0

* d  
16 .3 ' ... e . a u .

97.2 2
" 

22.2 99 0 ,356 ° .A

SITY I C
DENSITY TEST SUMMARY

(A8 PID LIMI3-60

Pvlot"S zo*( K.C.O. L.AB M.R.D. LAB

p, 1  R+-------------...--...----------- -- T T--BSPT- 3'.- " ' . 4

14 * , ,!

B

,, . , ': ,+ .. A ,

U.'S ;,MlP 1N4tINLLP Dli' IlR !

nAt "W 14 ( Ii.'A %

1 w.,(,w,,, MBANIKNI CITEIIRIA

, ,,4 t , AND PERFORMANCE REPORT
LIOUID LIMT-60 IMPERVIOUS ZONE

STAGE I DENSITY AND
COMPAClION TEST SUMMARIES

l.,d. ,, RBL.3-1473

I PLATE NO. 73

4



4VALUE
.. . 5 i 4 "3

LIOlID LMT-60 RANDOM ZONE, STAGE I

iSOIL CLASSIFICATION DATA STANDARD COMPACTION TEST;
RECORD CONTROL SAMPLE

FIELD 'M.,,.OLABORATORY IELD I M,. LAB SAIFIL
SefCwu4 TEST SPECIE OP.OPT.8( I 'M ~h bAx. CRY= MOIST. DA Y

WMI R STATIONj RANGE ELEV. iLL I CLASS MAX -- T....,. .. ",- " ). , MAoT. DR£NIY, Coi DR

-:~--.-~--*LL P1 CLA )OST O YCONT- DENSITY 0
.LL 4 I CLASS , CLSS C YJ ) (P.C.F,

t CH SLi CH *.2 S.
RC4 t12#9O I*30u/s S O 0 M41 6 Cl 52 35 CH .8). 20.4 105.6

t i

LUOJID LMT-60 RANDOM ZONE. STAGE II
RC-479-1? 93-00 1 *8)/s IL0 55 34 CH 45 29. 22 s 9.@ 227 ".5

I-674-24 94+7S , l0u/s 5 --5 " - C : j. 41 CH 47 34 CL i00.8 21. W. 22.8 02.4*

* nSTL*8EO DATA OBTAINED BY AVEA STR AI DENSITY VALUES 0 AL.
AVALABLE SHEAR TEST SPECAWEMS

NOTEt ALL DAY D IES AND WATER CONTENTS ARE COMPARED TO %LR.D. DATA TO OIAN
PERCENT COMPACTION AND WATER CONTENT PERCENT OPTSIMM.

C

COMPACTION CURVES

LIQUID LIMITS-60 - OUiO LIMIT-60

RANDOM ZONE
RANDOM ZONE STAGE 11

..T E SAMPLE ELEV. ENS11

SAMPLE ft18/F
NO. LI RC-479-17 818.0Cl 24.) 98.4

STAGE' II
RC-8 52 RC-6,4-24 861., 20.6 97.',

STAGE It '. E-94.. 852.5
RC-479

- 
17 4-

RC-674-?4 41

RC-s

RC-479- 17 t
95

RC-1.4-24

1o is 20 25 30 35

WATER CONTENT I% OF DRY WEIGHT)

11* COMPACTION CURVES ARE BASED Ch MISSOIlI RRIVISION LABORATORY STANOARO COMPACTION TESTS.

5 4 3

t



AILUE 4 VALUiZ BNGINFMING PAYS

1STANDAW COWACTION TEST: DENSITY AND MOSTURE CONTENT
SAlK- v -

FIELD 1 M,/. LAO SAND CONE DATA *UNDISTIJ D DATA

DRIY t' OPT I Or.
NSTYP6A.DR'MOIST. 'DRY ;COMd-- WATER IWATER DRY COM- WATER WATEIR

.C.F.) DEN- c.. DENSITY "CONT 'DENSITY PAC TIONtCONTENTt -,.NT STY PACTIONI CONTENT CONTENT
IP. g ' (P.c.. 0 ( tC.F.) ! (y) M 4,.-,.OPT) P.cFJ,) ,I (y) 1-.,-,

.0. . .O 05... . - 04.. i a. 10. . . .. 24.3 3 .

4 - i

102.4 14.6 22.5 . 5. i0.7 7 2.8 * ., 104.4 106.8 22.3 04

.00.. 2.0026..4 i 210. 04.5 22.4 -0.4 W0 24.3.

Cl

---- __DENSITY TEST SUMMARY

11 LIOUIO LIMIT-60 14.
RANOOM ZONE K.C.D. LAB M.R.O. LAB

STAGE 1 ... . .. .

iENSI
T  

I DRw DRY E
(LBS/F5, SAMPLE ELEY. DENSIY LL .. P1 DENSITY 1.1. P.. ..

:(LBS /BS/FT
3

L I e-Pl I
. L-4"-1"I 818.0 24.0 98.4 53 22 31 22.3 104.4 52 18 34

RC-674-24 861.5 20.6 97.5 55 22 33 24.3 90.6 56 15 41

PPE-94- 1 852.5 23.7 99.4 53 17 36

BI

R.~vls5o"8

Symb1 -* oocr-l t os D______ ote Aoroved

U.S. ARMY FNGINEER DISTRICT
CORPS OF ENGINEERS

KANSAS CITY, MISSOURI

LITTLE BLUE RIVER, MSSOURI
A..0.D LONGVIW LAKE Au c w. EMBANKMENT CRITERIA

by. ANf PERFORMANCE REPORT
0o.'. , LIOUID LIMIT60 RANDOM ZONE.A.C. STAGES I AND II DENSITY AND

-b--, COMPACTION TEST SUMMARIES__
A.L.P. c;,. at Pot

AS SHOWN tO-

. . . . .fl1

R.GID.$1 RL3- 474

32 PLATE NO.74
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*VALUE El

5 4 .

LOA LOAT-65 IIM IU ZONEo STAGE N

SOIL CLASSIFICATION DATA !:STANDARD COMPACTION TEST 7RECORD CONTROL SAWLE FIELD ---- R- LABRATORY ..... - - "- -I . ...... - -TES

- IELD JMI.LABORATORY IELD MD. LAB SANC

SC TEST SPECIMST OPT. OPT. '"a~v _ . 01T' . D.0RYI MOW.T D RY C(

iMe "EU STATION RANGE ELE. LL PA CLASS -1 DRY' MOIST. DIC

i~~~~~~DNIY CONT. DELLY DR CONT.TIE IN DENSIR COTNSAR OAI DT R.) AA OOT

1 LLLIIUR I LASS , L PI CA4.C.. x PCF) M ;(...

!C/%0 4 41 23 CL 230 ".2:2 T-7 02.4

-

-724-20 90+20 O.I / 874i.0 5 30~ CN 55 38 CH 47 _ 2 CL_ *~9, 2.

.C.

0o.92...4 T ,! 1 -.... .. 
o  - --

\A" RC-T4- 4 7 eC4gi8 21.26.

'8as 82"3 3 2.2 23.0 13 02.4 4 .7 98 .1

*UNWOSTLVW DATA OBTAINED BY AVERAGING WOSTRE AND DEWX4Y VALUES OF ALL . 9.2 25 308 3
AVAILABLE SHEAR TEST SPECIENS.

NOTE, ALL DRY DIENSTES AMQ WATER CONTENTS ARE COMPARED TO U*.O. DATA TO OBTAIN
PERCENT COMPACTON AND WATER CONTENT PERCENT I OPTIu.

_____________ DENSITY-

LI0UID LIMITS-65 LO3ID 13MIT-65

IMPERVIOUS ZONL I TA OE ZF KRY aEIG

MPETIOUST ZONE SR E , R G AN

1/0 STGE1 DRYMAEELE
RC-445-i5 22.6 1024 41,

RC-724-28 47 RC-724-28 I23.11 96.4 55
RCSI3 0RC-82!.30 '2. 82 S

RC:882-33 53 98.__________51,____
V5I RC 892-34 Ss

AC-IS?- 33 * I

95

RC-892-34

WATER CONTENT 1% OF DRY WEIGHT)

THE COMIPACTION CURVES ARE BASED ON M55013R1 331+3) DIVISION L40DRATORY SIANDARD COMPACTION TESTS.

5 4 3

t1



, VALUE ENGINEERING PAYS

,STANDARD CoWACTION TEST! DENSITY AND MOISTURE CONTENT
SAN[ . . .. .. . -" ... -: -.. . . . T . .

FIELD M . LAS , SAND CONE DATA *I"UNOISTURBED DATA

Y PAA MAX OR) .AXDRY hm St DRY COm- WATER WATER DRY COM- WATER WATER

Y;DEST c. .0.NSITY CONT. DENSITY PACTION CONTENT CONTENT DENSITY PACTION CONTENT'CONTENT

It _ I - - - -

o23.0 .2 2 205.9 10,.8 21.0 -

t . . 2i2 .. . 97.4 - .? - .. 9.2 .0
s
. 23.9 .. 2

".4 243 9.3 2~. 96&2 100.9~ 124.*.710.2 248.4

02.2 2310 102.4 19. , -96.- -95.6 2241*. 042 M7'. 22.2 .I's
'63.0 2.3 " 2 8 04.6 2.3 -1.2

C

;NSITY DENSITY TEST SUMMARY

.D.LAE LIOUID LIMIT-65 I
IMPERVIOUS ZONE K.C.D.LAB M.R.D. LAS

STAGE II ,I. **, . * ,,

Li. RY IDRY
L SAMPLE DEPTH DENSITY 1.L. P.1, PI, D

-- ', . ,LBS. .J. . 2*/.o LBS/.l 4' 3 41"
55. 4- 1. 102.4 49 27 22 2$.0 105.9 41 18 23

RFC-7:4-6 23.9 96.4 55 25 30 23.9 98.2 55 17 38

- PC-8." 0 24.3 9.21 56 22 34 24.8 100.4 56 25 SI

S" - _ I -_ -

U.S. ARMY ENGINLER DISTRICT
CORPS OF FNGrf!EERS

KANSAq CITY, MISSOURI

LITILI BLUE RIVER, MISSOURI

mL ONGVIEW LAI'EA
-, . EMBANKMENT CRITERIA

iv',-,", AND PERFORMANCE REPORT

... . LIOUID LIMIT'65 IMPERVIOUS ZONE
R.AI . STAGE II DENSITY AND

COMPACTION TEST SUMMARIES

5.1 P. A" SY0A2J

' R.GD. '' 7' RBL--1475

S3 2I . PLATE NO.75

, .



5 4 3VAIt'I

05

LIOUID LIMIT-65 RANDOM ZONE, STAGE II

SOIL CLASSIFICATION DATA STANDARD COMPACTION TEST
RECORD CONTROL SAMPLE

FIELD M.R.D. LABORATORY FIELD M.R.D. LAB
SHEAR TEST COMPACTION OPT, OPT.

SPECIMEN TEST SPECIMEN MAT. DY MOIST. MAX. DRY MOIST R

NUMBER STATION RANGE ELEV. LL P1 CLASS DENSITY CONT, DENSITY CONT DEN.
LL PI CLASS LL P CLASS (PC,F) %I IP.C.F.1 I%/ p.r

RC-452-16. 91+20 .O+60d/s' 82-.0 53 29 CH 54 38 CH 46 1P4 24.1 100.2 21.b
C-592-21 95.10 ,I.1O1/a 825.5 54 33 CH 62 46 CH 4- 33 101.0 22.8 97., 22.6

RC-69-22 95+70 2.60d/s 849.0 50 32 CA 57 41 CH 47 31 C. 99.5 22.0 9q.7 20.8

*UNDISTURBED DATA OBTAINED BY AVERAGING MOiStURE AND DENSITY VALUES OF ALL
AVAILABLE SHEAR TEST SPECIMENS.

NOTE: ALL DRY DENSITIES AND WATER CUNTENTS ARE CLMPARED TO M.P.0. DATA '0 OBTAIN
PERCENT COMPACTON AND WATER CONTENT PERCENT t OPTIMUM.

C IDEN 5 -
COMPACTION CURVES , DENS

LIOUID LIMIT-65 IIOUID LIMIt-6S5
RANDOI ZONE K.C.Y. L I

RANDOM ZONE STAGE 11 T -T-r - R}. .STAGE II ISAMPLE DEPTH I DENSITI ''

SAMPLE (LSF
NO. LL 24 9.

IL I R. 452 ,6 .... 3.-6- 9" 1,R 45Z-16 4b

RC-592-21 4' 9f.,

PC F59 2 LPI'12.'.

PFf ,. ' .8 19.2

/

................................................................. :.................

5 10 1S 20 ?S 30 35

WATER CONTENT I% OF DRY WEIGHT)

{HE (OMPALIlO11 CURd[S ARE BASED ON MI SOOIlIR 4k DIV:iSI1N LABORAIOR, 'TANDAFI) ,'fMPAt';0N TESTS,

A



~4LUI'VALVE ENGINEERING PAY'S2

l3

STANDARD COMPACrION TEST DENSITY AND MOISTURE CONTENr

FIELD M.R.O. LAB SAND CONE DATA UNDISTURBED DATA

DR OpT, OPT
'E R AX,{PY IST. MAX. DRY MOIST DRY COM- WATER WATER DRY COM WATER SAT1R
(p.c DENSITY CONT. DENSITY CQNT' DENSITY PACTION CONTENT CONTENT DENSITY PACTION CCANEN' tCONTENT

(P.C F.) IZ) (P.C.F.) IT.) iP.C.F.) I%) N% ( -7.OPTI, (P.C.F.) Y.) )"' p: '

T 24 2I.b 9.6 97.4 23.t "2.0 104.9 ' 2

22. 9'., 22.6 97 3 99 3 22.4 02 97' .,<

5.Y 22.2 91. n0.8 ' 99.0 20.3 -0.5 99.9

ENSIT DENSITY TEST SUMMARY

JU) LImIT-65
(('P ANDO c ZONE K.C.D. LAB U.R.D. LAB

-7

A,, c . DEPTH O ENSI
T

I .. PL. P I DENTT , P.1

4 ~L 37 24 n1 2 , ' 44
4

4 + 4,4 P • ,, * 4.

.4 ,' + 4 St 2 44

5, .4 + --.. . . . .. . ,29 +

B

41 4

US ARMY LNGINEER DISTRICT
CORPS OF ENCINEERS

KANSA CITY, UISSOURI

LITTLE BLUE RIVER MISSOUJRt

I R C LONGVIEW LAXEus .. , .-. EMBANKMENT CRITERIA

.1 04- AND PERFORMANCE REPORT

...... . LIQUID LIMIT-65 RANDOM ZONE
STAGE II DENSITY AND

.. COMPACTION TEST SUMMARIES
A., P , WN

R _ __ _ _ __ _,__ _ . ' ,, RBL-3"1476

2 I PLATE NO. 76



F VAL

I

D

LOX LIMT-70 RANDOM ZONE. STAGE IfJ

[RCOR CONTROL SAMPE SO#L CLASSIFICATION DATA STANDAD COMPACTION TEST
FIELD M.R.D. LABORATORY FIELD MR.D. LAB SA

SHEAR TEST COMPACTION OPT. OPT.
SPECIMEN TEST SPECIMEN MAX. DRY MOIST MAX. DRY MOIST. DRYa.LtR STATION RANG ELEV, Li. Pi rLASS OENSITY CONT DENSITY CONT. DENSIT' P

i LL P CLASS LL PI CLAS IP.C.F.) 04) IP.C.F.) .. " (P.C.F.?

1w, 05" 3, 94.0, 3- 0 909 65 4, 62 43 CH 6, 46 C-4 955 26.0 95.6 24.8 97.5

O's 3, 86*. 0.2. 6' 6. *2 ' S, 40 (, 60 44 CH 95.5 5.5 97 ' 23.7 100 E
IS? *2 AVAO,.9(,- W 3sF 5 " L 49 - Ct 'o2 206 98.7 22.5 )09.C
L*0ST1L*KD DST OBxi0TAIED 8, AvtAA,^, W), Tt AINU. DffNST, VALUE' A,,I

AVAILABLE SofAR rES SPECAE*
k(C'6iAL' -34 DEW45 JE &It VAI(P *N491 A'

4
J CtUF&RED T3 MRODT TPIEPCENT '(*11PALtON &W WIt'ED' r)N-FNI PlE hENT -• V

COMPACTION CURVES DEN,
LIOUID LIMIT-7O LIOIJID LMIT-TO . . .

;RAND M ZONE I

RANDOM ZONE OM' Z O

STAGE II I. -TIP U:PTH W : T

SAMPLE 1) (L9S
, T

64', P24.0

4.4'~ 9~' ~F 1' 32 24.0 I .,

k' 94 44
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VAL[ VALUE ENGINEERING PAYS

3 2 -------

b0

ANDRO COMPACT ION TEST DENSITY AND MOISTURE CONTENT

SA FIELD M.R.O. LAB SAND CONE DATA UNI4STURBED DATA

IYOPT. OPT.
SITY p. DRY MIST MIAX. DRY MOIST. DRY COM- WATER WATER DRY COM- WATER WATER

SSI
t
T CNT: DENSITY CONT. DENSITY PACTION CONTENT CONTENT DENSITY PACTION CONTENT CONTENT

C .F , ( -p,} " P .C $. ) '.) (P .C .F .) W V. ( .) 'I - .O P T ) ( P .C .F ,) ' . ) ( ,) I - O P T

S.5 26.0 9$.6 24.8 97.5 102.0 24.9 *0.. 104.0 i08.8 22.5 -2.3
5 

,  
,5 97.7 23.7 00.0 103.0 24.0 -0.3 100.7 103.1 24.4 *0.7

26 ?C.6 98.7 22.5 -09.0 .0." 20.2 -2.3 .._J

.E1N.SI DENSITY TEST SUMMARY

L~uLID !MT-70I--
VANDOM ZONE K..D. LAB {.r 0. LAB

w. D(, ,, I

SA FP :GEPTH W DESIT . I TL. PI . p_ L.L __ ll DENSITY ' .L
LBS F T 3 L 144IF

j L-4.4

, . .- 24.- 98.0

PE-25.3 9r.21

-----

U.S. ARMI ENGINEER DISIRIC1
CORPS OF ENGINE RS

KANSAS CITY. MISSOURI

,, r, LIT ILE- BLUE RIVER. VISSOURI

R.G.O. LI LONGVIE LAKE

EMBANKMENT CRITERIA
AND PERFORMANCE REPORT

. .A." LIQUID LIMIT-70 RANDOM ZONE
SYAGE II DENSITY AND

COMPACTION TEST SUMMARIES

, , ,IK )W, RBL-3-1477
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ALUE VALUE ENGINURING PAYS

D

&NOAR0 COI'ACTION lEST OENSITY AND MOISTURE CONTENT

SANC FIELD M.R.O. LAB SAND CONE DATA *UNDISTURBED DATA

OPT OPT.
DAy DR MIT UA. DRY DRY Y COM- WATER WATER DRY COM- WATER WATER

5SiTY CONT. D-N V Mcoj. DENS.TY PACTION CONTENT CONTENT DENSITY PACTION CONTENT CONTENT
F.' . ,P C t . IP.C.F. I'.) (%I (--%OPT) 1P.C..) M (.1 (+-.OPT)

.1 ) tOa 4' 2.1 .08 047 1044 1J., B0

* 8 5k Z9 2. 7 *09 99.4 ' 9.5 ?1.2 -06

C

DENSITY TEST SUMMARY
WT JNS,C

"*k F C.D. LAB M.R.D. LAB

DRYCD
-NSrv , P.L. P 1 DENSITY L.L. P. P. .
LB- F

T  
.L.e L___I
Z 22 - 0 '9.3 i0. 7 49 16 3

_1 4 6 4 2 9S 4 58 IS ,3

B

L,',.ARMY EN(NEER DSTRICT

CORPu O ENGINEER,
KANSA, CITY. MISSOUk'

LITTLE BLUE RVFR, MISOLIP',

.ONCVEW L AKE
A' ",. ¢, , EMBANKMENT CRITERIA

.01 Ir'', * ., AND PERFORMANCE REPORT
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N.AI STAGE II DENSITY AND

COMPACTION TEST SUMMARIES
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DEVIATION FROMi 0 Md C-
VS

NUMER CF RECORD CONTROL TESTS
STAGE I
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SPECIFIED RANGE

0
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o c to to[DEVIATION FOOIMUM 4 MOS0R CON0N

NOTE
THE REFERENCED OPTIMUM MOISTURE CONTENT WAS -
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LABORATORY STANDARD COMPACTION TEST ---

U S ARMY ENGINEER DISTRICT
CORPS OF ENGINEERS

KANSAS CITY. MISSOURI
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FCW -- ~ RBL-3-1482
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KANSAS CITY. MISSOURI
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C9STAGE It

UAE/RGD AS SHOWN
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"Q" TEST DATA ON COMPOSITE SAMPLES OV-ERBURE;

INDEX C0 TESI- CLASSIFICATION I DRY ,' DEN T-L WATC CO T--TEN)" I c 1 ,C._PO

NUUER NUMBER S -Y SUXu FT TTS SPIU-A E F [ TAN 0 LOCATION L C--..--, FTE- --- =--- --- .. ... . ., -. .. .-----.--- --k-- --ic. e
6 1 CL 44 17 27 955 '908 1M5 21.8 175 130 100 I8 PILLSilJ 0 ,

50 3,5 907 216 39f ES wBRRW 0 e "POW
901 . 224 399 1.72 I3 0 • 1

- • - - . 0 HI.L .
BAtl S L 443727 955 959 ISS 209 ID 138 13 0 8:ILLSIDE OUT" S

5 s0 33 954 28 a 391 ,. I5 w ...

7 7 C ,55, 1 40 98.5 944 235 261 132 54 50 02 WLLSIDE A v.LF"
52 6 36 93 c 263 .532 56 Elop~ow

8 6 CL 45 1530 1035 990 195 222 1 59 1 02 80 16 DOWNSTRE .!
986 226 389 1 54 VALLEY 2
981 222 600 1.73

9 9 CL 43 17 26 1015 .974 2: 0 225 153 92 60 06 VALLEY *.

969 23 1 355 95
96 7 2

,
6 554 93 A!IA

967 238 a 1 40 69
94 9 CL 43 IT 26 015 977 210 200 1 12 1 25 10 4 VALLEY

9;3 198 399 71

967 206 6 04 8) A,

98 9 CL 43 17 26 ,5 967 210 188 1 88 1 52 1 10 23 VALLEY 1 9
966 t86 4 23 2 13
969 R 7 6 44 246

.0 t0 CL 39 :8 90 ;050 992 170 19 7 59 03 85 :3 ,I LEY
993 Iq 26? 1 16
994 t95 4 4 145

If it CH 51 f6 03 1 39 f .l,5 217 94 77 08 C4 VALLEY 0
941 21q 253 92
9A t8 222 E 58 OI1

IIA II 4 1 6 5 981, 2 3 , 39 3 12 VALLEY
9 t, 16 1, 2 9f, 71
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lIe 1I CH ,I I6 35 II'3, r 99 3 i 15 ' !3 161 3 z1 VALLE
v
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IIC II CH ' 6 35 1035 993 IQ 181 ,24 I2i 1 4 Cc FL',Y
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985. 22 57.2 25
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825 _ 232 34: 71

i COMPCSiTE NO 6 TAI~rN OUTSI E THE PMOPOSED BORROW APEA

COMPACTED "0" TESTS
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IRw TEST DATA ON COMPOSITE SAMPLES
I jCOMP0SITE' - - -S 'I FAoo

' 
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IIDX CASSPICTIO rDRY DENSIT WA T ER CONTE NY
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